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' Out UanufaotureB are of greater varietj 
than those of any other establiahmeat in th£ 
world, and in each line we make and ftirnlBl] 
the best. We call attention particularly tc 
the following classes of goods, and invite ttab 
oorreBpondence of any one interested: 

iDsulated Wires of all Kinds, 
Patterson Cables 

For Telephone, Telegraph, Electric Llgbt, 
Electric Bell Purposes. 
Eleclro-Mercurial Fire Alarm, 
District Telegraph Apparatus, 
Watch Clocks — the Howard and the Newmi 
Electric Gas Lighting Apparatus, 
Galvanometers, Direct Current Magnets 

other Testing Instruments, 
EUctric Lighting Apparatus. 
Belt Hangers' Tools. 

Western Electric Co., 
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able length (jf time to extreme heat or cold. 
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PREFACE. 

There are numerous hand- books extant treating of almost 
every branch of the practical application of electricity save 
that which may be termed ' 'domestic electricity." The only 
book in the English language, which considers this subject 
in any measure, is a translation from the French of " Do- 
mestic Electricity for Amateurs" by E. Hospitaller, and it 
was written, as the title indicates, not for professional elec- 
tricians and bell hangers, but for amateurs seeking recrea- 
tion in experiments or in minor domestic work of this 
character. 

The intention of this book is to give practical informa- 
tion and suggestions not only to the profession but also to 
that large and constantly increasing class of persons to 
whose care batteries, electric bells, annunciators, alarms, 
gas lighting apparatus and the wide range of applications of 
electricity considered in this treatise, are intrusted. 

The use of technical phraseology, scientific terms and 
mathematical formulae has been almost entirely discarded, 
and the description of the various forms of apparatus has 
been limited to the most important, and to such as are in 
use in the United States. 

The author desires to make acknowledgment of favors 
extended him by various electrical supply companies, and 
to state that in the preparation of this book he has con- 
sulted the following publications, which are heartily recom- 
mended to the reader: "Elementar}' Lessons in Electricity 
and Magnetism" by Silvanus P. Thompson; Munro & 
Jamieson's *Tocket-Book of Electrical Rules and Tables"; 
E. Hospitaller's "Domestic Electricity for Amateurs"; L. 
Schamweber's "Elektrische Haustelegraphie/' and the 
Western Electrician. 

F. B. Badt. 
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Chapter I. 
Contact Series. 

Two dissimilar metals brought in contact produce oppo- 
site kinds of electricity on the two surfaces, one becoming 
positively (+) and the other negatively ( — ) electrified. 

In the following table metals are arranged in such a 
series that each becomes positively electrified when placed 
In contact with one below it: 

Contact Series of Metals in Air, 

Positive (+) 

Sodium 

Magnesium 

Zinc 

Lead 

Tin 

Iron 

Copper 

Silver 

Gold 

Platinum 

Graphite (carbon) 

Negative ( — ) 
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Chapter II. 
The Voltaic or Galvanic Cell. 

To make a simple voltaic or galvanic cell, place in a 
glass jar water, acidulated with a few drops of sulphuric 
acid, a strip of zinc, and a strip of copper. This cell is ca- 
pable of generating a continuous flow of electricity through 
a wire» whose ends are connected to the two metal strips. 

See Fig. z. 
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Chapter III. 
Generation of Current. 

The current in such a cell, as shown in Fig. I, starts 
from the positive zinc plate, flows through the fluid to the 
copper plate, out through the external circuit and back to 
the zinc plate. The copper strip, whence the current starts 




on its journey through the exhrnal circuit, is called the 
positive pole (+) and the line strip is called the negative 
foU ( — ■). When the external circuit is broken no current 
flows, but still the wire connected to the positive pole (cop- 
per plate) is called the positive wire, and the wire connected 
to the zinc pole the negative wire. As in almost all com- 
mercial batteries zinc is used as one pole, it may be well to 
a that the nuepole is always the negative folt. 



VOLTAIC ELECTRICITY. 3 

When the current flows, the zinc strip is observed to 
waste away. Its consumption furnishes the energy re- 
quired to drive the current through the fluid from zinc to 
copper, and through the external circuit. At the same time 
it will be noticed that a few bubbles of hydrogen gas ap- 
pear on the surface of the copper plate. Both these actions 
go on as long as the wires are joined to form a complete 
circuit. Thus the production of an electric current by a 
voltaic cell is always accompanied by chemical action in 
the cell. Zinc and the other metals which stand at the 
electro-positive end of the contact-series will be dissolved, 
while the electro- negative substances — copper, silver, gold, 
platinum and graphite — will not be attacked. 

A piece of quite pure zinc when dipped alone into dilute 
sulphuric acid is not attacked by the liquid. The ordinary 
commercial zinc, however, is not pure and will be dissolved, 
a large quantity of hydrogen bubbles being given off from 
the surface of the metal. 

As shown before, when the current flows through the 
cell and chemical action commences, the bubbles of hydro- 
gen are evolved not at the zinc plate, nor throughout the 
liquid, but at the surface of the copper plate. This apparent 
transfer of the hydrogen gas through the liquid from the 
zinc to the surface of the copper plaie must be borne in mind 
to understand the action of the different voltaic cells, 

Chai'Tkk IV. 
Local Action. 

When the circuit is not closed, the current cannot flow 
and there should be no chemical action. The impure zinc 
of commerce, however, will continuously dissolve in the 
acid and give off hydrogen bubbles. This is called local 
action. It is caused by impurities in the zinc, such as par- 
ticles of iron or other metals which behave in contact 
with the particles of zinc and the acid like miniature voltaic 
cells, and thus cause a constant waste of the zinc even if 
the battery circuit is open. 

To do away with this local action the zinc plates are 
amalgamated. The iron particles do not dissolve in the 
mercury, but are carried off from the surface of the zinc 
plate by the hydrogen bubbles. As the zinc in the amalgam 
dissolves, the film of mercury unites with fresh portions of 
zinc, and consequently always presents a clean, bright sur- 
face to the liquid. The amalgamation of the zinc plates 



I may be very vfell done by first immiirsing Ihc liiics in a so 
' iHlion of ililiue sulphuric aciti ami then in a baih of mefeury 
I A brush m ciath may be used to nib them, so as In rcaei 
k.dU points of the surface. When a large number of zincs is I{ 
KiIW atna^amated, the (otloniing will be found to be a gooc 
■ijnethodr Dissolve eight ounces of mercury in a mixture 
I (jonsisling of two pounds of hydrochloric and one pound of 
■ t^tric acid; when the solution is complete, add three pound« 
I Of hydrochloric acid. The zincs are amalgamated by im- 
p IQetsing them in this solution for a few seconds; thej 
f atwuld then be removed to a vat of dear water and nibbed 
r tt in the first case with a brush or clolh. H the solution 
' is kept in a covered vessel It may be used a number of 

I Chapter V. 

I Polarization. 

I The bubbles of hydrogen liberated at the surface o£ the cop 

I per electrode stick to it m great numbers, and form a film ovei 

I nssaifaee; hence, the eifeclive amount of service of tl» 

plate is very much diminished in a short time. This will 

cause an immediate falling oS iu the strength of the cur< 

rent, sometimes even stopping it entirely. A battery !n 

this condition is said [o be polarised. The effects of pblar- 

iiatlonare; First, if weakens the current bv the increased 

, [esistance which It offers to the flow, for bubbles of gas art 

I bad uondtictors; and secorully it weikens the current by 

I letting up an opposing electromotive force, for hydrogen i; 

y nearly as oxidiiable as line, and is electro-positive, 

' It IS, of cciurse, very important to prevent this polaiiia- 

Hon, as otherwise the current would not be consiani. 

Various remedies are employed. These may be cjassec 
U nwchanieal, chemical and electro-chemical. 
1. Miehankal Affuns. — The liquid may be agitated « 
^.str ftwy be blown through it. thus preventing the hydrogen 
I IllibMeS from sticking to the positive pole, 

The suilace Of the latter may be roughened so the bUb 
ts will collect at the points and be quickly carried ofi. 
wmplc; Sniee's cell 
\ Or the surface of the latter may be made comparallret] 
^. Examples l..aw. diamond carbon. 
. CAewitiiiMiitHi. - If a highly onidiiinc ^llb^ranl■e be 
td \0 the .idd, It will prrveiii the lormniion L-f hvdrotcii 
trtlbblra. aa lti« o^TB■'" "' i In . -uIi.i.ihl l .h' 
tlwl^ydrogonui " 
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of potash, binoxide of manganese, nitric acid, chloride 
Df lime and chloride of zinc. These substances, however, 
would attack the copper, and they can only be used in zinc- 
carbon or zinc-platinum cells. Nitric acid also attacks zinc 
ivhen the circuit is open and cannot be employed in the 
same single cell with the zinc plate. Examples of cells: 
Grenet, Grove, Bunsen, carbon, nickel-plating, Fuller, 
Leclanche and Ciassner. 

3. Electro-Chemical Means. — Double cells can be ar- 
ranged in such manner that a solid metal such as copper 
shall be liberated instead of hydrogen bubbles. This en- 
tirely prevents polarization. Examples of cells: Uaniell, 
gravity. 

A battery to be really good should fulfill the following 
conditions: 

Its electromotive force should be high and constant. 

Its internal resistance should be small. 

It should give a constant current and must therefore be 
free from polarization, and not liable to rapid exhaustion 
requiring frequent renewal of material. 

It should consume no material when the circuit is open. 

It should be cheap, and of durable materials. 

It should be manageable and if possible, should not emit 
corrosive fumes. 

No single battery fulfills all these conditions, however; 
some batteries are better for one purpose and some for an- 
other. Thus, for telegraphing through a long line of wire, 
a considerable internal resistance is of no great consequence, 
as it is but a small fraction of the total resistance in circuit. 
For electric gas lighting or other low resistance circuits, on 
Ihe other hand, much internal resistance would be, if not 
absolutely fatal, certainly a positive disadvantage. 
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DESCRIPTION OF BATTERIES. 



Chapter VI. 
The Smee Battery. 

This cell Fig. 2. is an imprrrtcmcnt on the simplevolta zinc- 
copper cell ; it consists of t\vo Anc plates, f orminsone pole, 
and one ptatinixed silver plale the other pole, both dipping 
into dilute sulphuric acid. The pokri^^tion of this one- 
Ihiid battery is avoidod by tough-coating the silver plate 
with finely divided platinum, which liberates the hydrc^n 
bubbles freely; nevertheless, the current will falL off 
greatly after closing the battery for a few minutes. This 
batter)' is charged with a sniulion of one pan sulphuric acid 
to se*-en of water. The jilaiei are connected to the clamp 
and placed in the jar. In this battery, above all^ tbe pre- 




caution of amalgamating the 
lected. \Yilh an unanialgamati 
unsatisfactory. 



The Crenet Battery. 
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pole, and a pair of carbon plates, one on each side of the 
zinc, joined at the hard rubber top, forms the other poie. 
In Fi^. 3, the carbon plates aie marked Cand the zincplaie 
Z. The bottle is filled with bichromateof potash and dilute 
sulphuric acid. [See eleccropoion fluid.] As this solution 
acts on the zinc when the circuit is open, the linc plate is 
lined to a brass rod, by which it can be drawn up out of the 
solution when the cell is not in use. It is almost the only 
single-fluid cell free from polarization, and even in this 
form the strength of the current falls off after a few min- 
' ' wing to the chemical reduction of the liquid. 




s battery is especially adapted for experiment.il and 
illuRtralive purposes. It occupies but little space, furnishes 
a great quantity of current, and, as the zinc can be raised 
from the tluid, may be kept charged, ready for use, for 
many months, and can lie set in action any time when re- 
ouired by simply lowering the brass rod which slides 
through the center of the cover of the cell, and to which 
the line is attached. P'or operating induction coils, which 
kre frequently used for electric gas lighting, and for cauteri- 
aUkm fn medical practice, it is unequaled. 

The battery is charged by pouring electropoion fluid into 
tbe cell until it reaches nearly to the (op of the globular 
pan, and then drawing up the zinc and placing tbe dement 
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in the cell The fluid should not be so high as to touch the 
zinc when the latter is drawn up. 

Eleclropoion Fluid. — Recipe for eleolropoion fluid; Mix 
well loo parts of water, 13 of bichromate of potassium, 
and 25 of sulphuric add. The last should be added 
very slowly as great heat is evolved in the operation. 

Chapter VIII. 
The Daniel] Battery. 

Each celiot element con^istsof a glass vessel withanionei 
and aa outer cell, divided by aporous partition to keep th( 




FIG, 4.~ 

separate liquids in the two cells from mixing. Fig. 4. A 
copper cylinder is placed outside and a rod of amalgamated 
zinc inside the porous cup. The liquid in the inner cell is 
dilute sulphuric acid; that in the outer cell a saturated solu- 
tion of blue vitriol (sulphate of coppe.). Some crystals of 
the same substance are placed in a perforated pocliet at the 
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top of the cell in order that they may dissolve and replace 
that which is used ivhile the b3.ttery is in aciion. When 
the circuit is closed the zinc dissolves in the dilute sulphuric 
acid, and liberates hydrogen gas. The gas. however, does 
not in this case appear in hubbies on the surface of the cop- 
per electrode, as, by a chemical process, the freed atoms of 
hydrogen traverse the pores of the poroiis cup, and are ex- 
changed for copper atoms. So while the ?-inc dissolves the 
copper grows, the dilute sulphuric acid gradually changing 
into sulphate of zinc, and the sulphate of copper into sul- 
phuric acid. There is, therefore, no polarization so long as 
the copper solution is saturated: consequently the battery 
is very constant. It is mainly used as a standard cell 
for electrical measurements and in telegraphy. 

The directions for gravity battery, given later on, will 
apply to the maintenance of the IlanielT. 

Chapter IX. 

The Grove Battery. 

This battery, Fig. 5, consists of a glass or ebonite jar contain- 
ing the amalgamated zinc c)-linder and dilute sulphuric acid. 
In the inner porous cup a piece of platinum foil dips into 
concentrated nitric acid. There is no polarization, 
for the hydrogen liberated at the zinc plate, in passing 
through the nitric acid on its way to the platinum pole, de- 




composes the nitric acid and 19 \\vt\l <i\iilin;d producing 
water and the red fumea of mini, pirovide gii- This gas 
docs not produ e pobnzation ns it 13 rtaidily soluble in 
nitric acid. Ihe battcr\ hat both greater electromotive 
force and lower 1nlem.1l resist nice thao Ihe Daniell, and 
will ftirniiji continuously for three or four' hours a strong 
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Directions for setting up; The glass jar is filled with d"- 
lutc sulphuric acid, about one part of acid to twenty of 
water, and the porous cup, with fuminij; nitric acid of about 
40degree£. The platinum plate being placed in the porous 
cup and the line in the glass jar, the battery is ready for use. 
The plates should be reniuved and cleaned, and the nitric 
acid emptied out when theliattery is not in use. The bind- 
ing screws should be examined, and the zincs amalgamated 
before again setting up the battery. 

The fumes of this battery are poisonous, and should not 
be Inhaled, 

Chapter X. 

The Bunsen Battery. 

This battery. Fig, 6, is a modification of the Grove. 
The expensive platinum foil is replaced by a plate of hard 
gas carbon. 

The battery is set up in the same manner as the Cjrove. 




FIG. 6.— BUNSEM 
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Chapter XI, 
The Carbon Battery. 

The carbon battery, Fig. 7, isatnodificatioDof the Bnnsen. 





■iNti hattery. 
Chaptek XII. 
Nickel- Plating Battery. 
Thli batteiy, Fig. S, also is a modi fi cation of the Bunaen 
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cell. It is ofgreal power, anj is used for nickel and electro- 
plating, running small electric motors, etc. 

In setting up the battery, amalgamate the iincs thor- 
oughly, inside and out. Into each porous cup put two 
ounces of nitric acid, and half till the cup with a mixture 
of equal parts, by measure, of water and sulphuric acid. 
Place the carbon in the porous cup, and add the mixture 
until it reaches the proper height, as mentioned below. Put 
the zinc in the outer or glass jar, and fdl to the top of the 
anc with a mixture oE one part of sulphuric acid to twelve 

farts of water, previously mixed and allowed to cool. The 
uids in the porous cup and outer jar should be of the 
same height. When the liquid in the jar becomes milky 
replace it with fresh solution. 

Instead of nitric acid, electropoion fluid may be used in 
the porous cup. 

Chapter XIII. 

FuUer's Mercury Bichromate Battery. 

A solid, well amalgamated block of Kinc put in the porous 

cup forms one pole; a carbon plate in the outer jar the 

other pole. See Fig. q. 




FIG g. 



This cell is set up as follows Make a paste by mixing 
pulverized bichromate oE potash with strong sulphuric add 
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In about equal parts by weight. Put about ten ouncw of 
this paste into the outside jar, pour over it two or three 
ounces of sulphuric acid, and fill with water. Into the 
porous cell pour a tablespoonful of mercury, put Che zinc 
in place, and fill with water. The zinc should be lifted out 
occasionally, and the sulphate washed off Keep a supp'y 
of mercury in the porous cell, so as to ha\e the zinc al vt ;'s 
well amalgamated. 

This cell is largely used in telegraphy, especially in 
Europe. It will stand longer conlinuo>'s use than the 
Leclanche, but it is not so economical 



Ch^i 
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The Leclanche Battery. 

In this cell the exciting li[|ui<l is a solution of sal-. 
niac. In this the linc dissolves, while ammonia g; 
hydrogen are liberated .it the carbon pole. 

To prevent polarization in the disque form, Fig. i 




carbon plate us packed Inside a porous cell with fragments 
o( carbon and powdered binoxidc of manganese, which 
■lowly yields oxygen, aod destroys the hydrogen bubbles. 
In the prism form. Fig. 11, the binoxide of manganese 
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la applied in plaques or prisms, thDS avdding the necessity 



of 



TbeL 



^clanche cell will give : 
for a short time, the jKHver falling oR, owing l. 
mulation of hydrogen bubbles; if Ihe circuit is left open for 
a time the cell recovers itself, the binoxide gradual]]- de- 
stroying; the polarimtion. 

The cell 's in iitker respects perfectly tfmslant, verv 
clean, and as '•'. does not reijuire renewing for months or 
years, when closed Only for a few seconds at a lime, it >• 




well adapted for u-orking electric bells, :i 

burglar alarms, and for otiier domestic purposes. These 

batteries are set up in the fullouing manner: 

Tin DiLjiii /-;-v«.~l'ut six ounces of sal-ammoniac into 
the glass jar, lill oiie-lhird full of water, and slir. Put in 
the porous cell and Tdi with w;uer to the neck of the jar, 
pouring a lilllu waler into the hole in the porous cup. Put 
in (he zinc and connect the balterj-. 

The inside of the rim of the jar is parafllned, and should 
be kepc greased to keep Ihe salts from creeping. 

The battery should bo kept in a dry place of medium 
temperature. It requires verj' little attention; water should 
be poured in occasionally to su[;ply the loss by evaporation. 
In case the solution becomes milky, and the battery fails to 
work, the solution, should be thrown out and fresh sal- 
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water put in. If this does not restore the 
battery, soaJc tbe porous cell in warm water. If it still faiU, 
new porous cells must be used. 

The Prism Form. — In this cell the porous cup is dis- 
pensed with, and in its place is substituted a pair of com- 
pressed orisms or plaques, which are simply attached to the 
carbons by means of two rubber bands. The prisms are 
formed of a paste consisting of 40 parts binoxide of 
manganese, 53 parts carbon, 5 parts gum and 3 parts 
bisulphate of potassium. This paste is formed into 
prisms under a pressure of about 4,000 pounds to the square 
inch at the temperature of boiling watsr. In the latest 
prisms the bisulphate of potassium is omitted. 

When the elements have become exhausted from long ser- 
vice the prisms should be taken off, new prisms should be 
attached, and the battery set up as before, with new zinc 
and fresh sal-ammoniac. 

Only pure sal-ammoniac and well amalgamated zinc rods 
should be used. 

Chapter XV. 
The Diamond Carbon Battery. 

This cell. Fig. 12, is similar in action to the Leclanchc 
cell. Instead of using binoxide of manganese to reduce 




polariiation the surface of the carbon electrode is greatly 
increased, and the /inc electrode kept very small. Care 
most be taken to slip the small rubber ring over the lower 
part of the zinc rod to prevent contact between zinc aod 



carlion. The cell is 
nche c, 



rt up 



1 the 5 



IS the Le- 



The inside of the rim of the jar is paraffined ' 
creeping al salts, and the cover tits very tightly 
evaporation. 

Chapter XVI. 

Law Battery. 

Tluscell, Figs. 13 and 14, is similai in ai-tion 10 Ih< 
diamond carbon battery. The ouis show ihe latest typ*. 



o prevent 




The carbon electrode consiiils of a double cylinder, has a 
large surface, and the cell contains more jwlution than any 
former batteries of this mafce. 

The lop is of blue glass, and seals the cell by locking 
down against a rubber ring. This prevents evaporation of 
water, and creeping of salts, 

Both binding posts are permanently attached tc 
are protected against corrosioo, and the h ole* t 
Xwllieh they pass are bermetieaHy closed. 



All ue removpii anil a new ^inc utlaehe 
; tbc bJndiDg ppsi. 

CHAflEk XVII. 

Gravity Batteries. 

[ Gravity batteries are two-fluid celU. Kigs. to anij ) 
• - ■'*"■- ent scylt>i, ivlikh are recognt/ed as 




wo. 14,— if.l.ltcTKoiiits or 
^tcsentalivos of the gTuvity type. Insteurl of e 
gspoiwus cell 10 keep tlic two liquids separate, 
ttitm, wbere one of Ilic liquids is bcavier ihsn Ebc 
o Inep the latter mi thp boitoni, and have the lij^trr 
■ apon it; this sepsration. howr/er, i» never pcrtHjt, 
'jrliqnid siowlydiSusing upward. Tlwu* Ijatterie* 
tt tw as toUows^ 

tSaia tile copper strip .ind pl>u:i.- it in the iMltom of the 
^'~-—' •< — inc atxiut four inches above the ci 
o Ihv jur »u U.1 to cuvKF Cha d 
• Vtlrioi. In imult lumps, ! 
a Bup at anc time. 
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, I The resistance may be reduced and the battery be mad 
immediatelj' available by drawing about half a pint of solu- 
tion af sulphate o£ iinc from a battery already in use, anu 
pouring it into the jar; or, when this cannot be done, by 

'f- putting into the liquid four or five ounces of pulverized sul- 
phate of zinc. 

I* Blue vitriol should be dropped into the jar as it is con- 
sumed, care being taken that it goes to the bottom. The 
need of blue vitriol is shown by the fading of the blue 




; lop of the cop- 



FIG. 15.- 



coior, which should be kept as ) 
per, but should neier reach the Jmc. 

After the battery has been started no further attention is 
required, except to keep it supplied vi-ith blue vitriol, until 
the quantity of sulphate of zinc in solution has become too 
great. In thai case draw out a portion of the upper pan 
of the liquid vrith a syringe or a cup, and replace it with 

sulphate of zinc in solution in thr 



As long as the battery 
crease of the quantity of 
upper part of the jar, 

A hydrometer is oonve: 
strength of this solution, 
than 15 degrees, there is 
is 35 degrees 01 over, there 
must be diluted. 



ent lor the purpose of testingthe 

When the specific gravity is less 

10 little sulphate of zbc; when it 

; too much in solution, and it 
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When the lines become coated so as to interfere with the 
action of the battery they muse be taken out and scraped 
clean and washed. 




Chapter XVIII 
Dry Batteries. 

Very often it is necessary to arrange batteries so that they 
may stand considerable jarring, or even overturning. A 
liquid, of course, would be spilled. Dry cells, forinslance, 
arc needed in railroad cars for the electric bells, in military 
tele^aphy, and in portable testing sets. 

One of the early batteries of this type is Sir Wm. Thom- 
son's sawdust battery, which is, in fact, a Daniell cell filled 
with sawdust. 

Cassner's battery, Fig. 17, is considered one of the best 
dry batteries, and is extensively used in places where a cell 
containing a fluid would be objectionable. This element is 
mouated in a strong; zinc case which serves as the nega- 
tive pcde. A carbon case is placed inside forming the pos- 
itive pole. A glass plate on the bottom of the zinc case 
prerentB contact between carbon and linc. The space be- 
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twecQ the :<iiic case and carbon case is filled n-ith a compound 
of oxide of ^iinc, chloride of zmc, plaster paris and sa'- 
ammoniac. The space inside the carbon case remains 
empty. The upper surface of the compound between the 
zinc and carbon is closed with paraffiue and. consequently, 
no crystallization of salts takes place at the surface. 
Batteries are furnished ready for use, and will \vork well un- 
til completely exhausted. The inventor claims that they 
can be used with great advantage in places subject to 




!. 17 —I 



high or low temperature. When at rest no chemical action 
takes place; the component parts of the battery are conse- 
quently not consumed. The inventor sajs that these desir- 
able properties of the dry battery are due in the 
first place to the peculiar porous substance contained 
in Che battery in place of the solutions, which, 
although it forms a cotflpact or nearly soUd mass, 
allows the gases to pass. The porous mass forms no de- 
posit on the zinc which would tend to increase the internal 
resistance, and consequently, weaken the current. The 
necessary moisture is contained in the battery in chemical 
combination, and not in form of a free liquid. 

It is further claimed (hat after lieing completely ex- 
hausted the cells can be rene«'ed by passing through them 
the current from a Bunsen cell in a manner similar to that 
of charging of a storage battery. 
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Chapter XIX. 
Classification of Batteries. 

Batteries may be classified, according to their use, into 
open circuit and closed circuit batteries. 

Open Cir<;uit Batteries. — These batteries are used where 
a current is needed for a few seconds at a time only. If 
the circuit is kept closed for any length of time, these bat- 
teries will rapidly become polarized, and the current will be 
so weak as to be unable to do the work. \Yhen the circuit 
is opened the battery will recover itself in time. These 
batteries are applicable to bells, alarms, telephones, gas- 
lighters, etc. To this class belong the Leclanche, diamond 
carbon. Law, Gassner and Smee. 

Closed Circuit Batteries. — These are used for continuous 
work, as, for instance, electro-plating, charging accumula- 
tors, electric lighting, etc. , or when a current is recjuired to 
flow continuously through a wire, and an apparatus so ar- 
ranged as to signal the break of this wire, as in certain safe- 
protecting devices or police call boxes. This class of bat- 
teries may be subdivided into: 

A, Batteries with a constant, current, able to do consid- 
erable work, such as electro-plating, electric lighting, run- 
ning motors, etc., for hours at a time. 

B. Batteries with a constant current, able to do very lit- 
tle work, sach as in safe-protecting devices, several medical 
appliances and alarms, but able to do this continuously for 
months without any attention. 

To class A belong the Grenet, Grove, Bunscn, carbon, 
nickel-plating and Fuller batteries. 
To class B belong Daniell and gravity batteries. 
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Chapter XX. 
The Electric Current. 

The reader has now learned how the electric current is 
practically generated in voltaic or galvanic cells or bat- 
teries. 

In order to understand the action of what is called the 
electric current, we will consider two reservoirs of water 
connected by a pipe, Fig. i8. The electric current may be 
likened to the flow of water through this pipe from the 
higher to the lower level. 




FIG. 1 8. — RESERVOIRS OF WATER. 

The unit of current strength, also called the rate of flow, 
or intensity, is the ampere. In the illustration we would 
say the water is flowing through the pipe at the rate of one 
gallon per second. In speaking of the electric current we 
would say it has a strength of, say, one ampere. 

The unit of electromotive force, also called electrical 
pressure, or tension, or difference of potential, is the volt. 
In the illustration the head of water, or the difference be- 
tween the levels, A and B^ is similar to the electromotive 
force. 

The unit of resistance is the ohm. Resistance may be 
compared with the friction of the internal surface of the 
pipe offered to the water. It follows that the njore cross- 
section the less friction, and the less cross-section the more 
friction, for the same volume of water flowing through the 
pipe in a given time. 

In the following only the terms, current strength, electro- 
motive force — frequently written e.m.f. — ^and resistance wUf 
be used. 

22 
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Chapter XXI. 
Ohm's Law. 

Ohm's law expresses the relation of current strength, 
electramolive force and resistance to each other. It says: 
Current strength equals electromotive force divided by re- 

E 
sistance. We can write this C = — , C standing for cur- 

R 
rent strength, E for electromotive force, and R for reslst- 

Chapter XXII. 
Conductors and Insulators. 

Bodies in which the current moves freely are called con. 
ductors. and those in which it does not move freely are 
called insulators. Examples of conductors: Metals, solu- 
tions of chemical salts, moist earth, etc. Examples of in- 
sulators; Porcelain, rubl>er, gutta-percha, Eicaling wax, dry 

Chapter XXIII. 
Direction of the Current- 
re sake H-e assumed thai the el 




rent flows from the positive pole of :i t;a'vj 

the external circuit bark to the negative ii.-... ... >-..-w ™ 

End the direction in which the current is passing through 
the wire, we place a pocket compass. Fig. ii>, uoUer the 
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wire, Fig. 20. The north-seeking pole of the needle, called 
the north pole, and distinguished either by a different color 
— blue, for instance — or by a little brass rivet, will be de- 
flected to the left when the current flows in the direction of 
the arrow, Fig. 20. Or, in other words, the positive elec- 
tricitv enters at A and leaves at B, 



f 




FIG. 20. — COM I' ASS UNDKR THE WIRE. 

When the compass is held above the wire the north pole 
of the needle will be deflected to the right. 

General rule: Imagine yourself swimming in the current, 
always facing the needle. The positive current entering at 
your feet will cause the needle to deflect to your left. 

Another general rule: Think of the word Snow. With 
the wire over the compass the current flowing from the 
South to the North will deflect the needle to the West; in 
>ther words, from S-outh to N-orth O-ver W-est. 
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The compass should be tested before these trials are 
made, as the polarity may have been reversed by the prox- 
imity of dynamo electric machines or other powerful mag- 
nets. 

COJMNECTING BATTERIES. 



Chapter XXIV. 
Connecting Batteries. 

When several cells are joined together the whole arrange 
ment is called a battery, though this term is very often ap- 
plied to single cells also. 

The conventional sign for a voltaic cell, consists of two 
concentric circles. The larger circle stands for the positive 
pole, the smaller for the negative or zinc pole. There is 
another method of depicting the battery in diagrams. This 
consists of a series of short, heavy perpendicular lines alter- 
nating with longer light lines. The long light line repre- 
sents the positive pole of the battery and the short heavy 
line the negative pole of the battery. 

Cells may be connected in various ways: 

Chapter XXV. 
Cells Connected in Series. 

Fig. 21 represents four cells connected in series, or, as 
the arrangement is sometimes termed, in tandem, for ten- 
sion or pressure of current. If the electromotive force — e. 
m, £. — of one cell is 1.6 volts and the internal resistance of 




Wut, Elect'n. Chi. 
FIG. 21. — FOUR CELLS IN SERIES. 

one cell is 2 ohms, the whole battery would have an e. m. f . 
of 1.6 X 4 = 6.4 volts and an internal resistance of 2 X 4 
= 8 ohms. 

If we close the external circuit of a single cell and assume 
the external resistance to be practically nothing, the current 
strength through this circuit would be according to Ohm's 
law: 

E 1.6 8 
C = — = — = — = .8 amperes. 

R 2 10 
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In the case of four cells joined in series this equation 
becomes: 

E 6.4 8 

C = — = = — = .8 amperes. 

R 3 10 

Hence, we see that in joining cells in series we increase 
only the e. m. f. and the total internal resistance .while the 
current strength remains the same. 

In connecting cells in series the positive pole of the first 
cell is always connected to the negative pole of the second, 
the positive pole of the second to the negative pole of the 
third, and so on, as Fig. 21 shows. 

Chapter XXVL 
Ceils Connected in Multipie Arc. 

Fig. 22 represents the same four cells connected in multiple 
arc, also termed in parallel, for quantity of current. 




— IFatf. RUGfn^ Chi. 

FIG. 22. — FOUR CELLS IN MULTIPLE ARC. 

The e. m. f. of this battery of course is the same as that 
of one cell, namely, 1.6 volts, while the total resistance is 

2 I 

- = - = .5 ohms. 
4 2 
Regarding the external resistance as practically nothing, 
1 he current strength is: 

E 1.6 
C = — = — = 35 ^ 3-2 amperes. 
R .5 

We see that by joining cells in multiple, the e. m. f. re- 
mains the same while the current strength increases and the 
internal resistance decreases. 

The internal resistance of a cell is largely dependent 
u\'>on itF sire; thus, by increasing the size of a cell and its 
plates the internal resistance is decreased, and the current 
strength through a given external resistance is increased. 
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The e. m. f. of a cell, of course, does not depend upon its 
size; it depends simply upon the choice of metals and fluids 
which are used in the cell. A cell of the size of a thimble 
constructed out of the same metals and put together in the 
same way as a cell the size of a barrel, would have the same 
e. m. f. The internal resistance, however, in the larger cell 
would be greatly reduced. 

In connecting cells in multiple arc all the positive poles of 
the cells are joined in one pole, and all the negative poles in 
one pole as shown in Fig. 22. 

Chapter XXVII. 
Cells Connected in Multiple Series. 

Fig. 23 represents the same four cells connected in multi- 
ple series, that is to say, in a combination between series and 
multiple arc. 




WttUEltctn. Chi. 
FIG. 23. — FOIR CELLS IN MlLTirLE SERIES. 

There are, in fact, two batteries, each consisting of two 
cells joined in series, and then considering each of these 
batteries as one cell, they arc connected in multiple arc. 

The e. m. f. of each two cells in series is 1.6 X 2 =^ 3.2 
volts, hence the e. m. f . between the poles of the battery is 
the same. 

The internal resistance of each two cells in series is 2 X 2 
= 4 ohms; hence, the internal resistance of the whole bat- 
tcry is f = 2 ohms, or the internal resistance of the whole 
battery is -^qual to that of a single cell. According to Ohm's 
law 

K 3.2 

C = — = = 1.6 amperes. 

R 2 
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Chapter XXVIII. 
Recapitulation. 

Four cells each of 1.6 volts e. m. f. and 2 ohms internal 
resistance connected in the various ways described in Chap 
ters XXV, XXVI and XXX'II, will have the features shown 
in the following tabic: 



WHOLE BA'ITERV. 



SEKIES. 



Total e. m. f. in volts 

Total internal resistance 

in ohms 

Total current strength in 

amperes 



6.4 
8 

.8 



MrLJII'LE 
AKC. 



1.6 

.5 

3-2 



MULTII'LE 
SERIES. 



3.2 

4 
X.6 



This table shows very clearly the different results that may 
be obtained from the same four cells when differently 
connected. In this example we get the greatest current 
strength by connecting the cells in multiple arc, and the 
least current strength by connecting them in series. 

Chapter XXIX. 
Work. 

The work accomplished by electricity is expressed in volt- 
amperes or watts. If we multiply the number of amperes 
by the number of volts, we get the number of watts or the 
amount of electrical energy developed. If this be true we 
must, of course, in the foregoing examples get the same 
amount of energy in every case. 

1. Series: 6.4 volts X .8 amperes = 5.12 watts. 

2. Multiple arc: 1.6 volts X 3.2 amperes = 5.12 watts. 

3. Multiple series: 3.2volts X 1.6 amperes = 5.12 watts. 
Hence, we sec that the same amount of work can be done 

with great current strength and low e. m. f. or with small 
current strength and high e. m. f.* 

Chapter XXX. 
External Resistance. 

In the foregoing we have considered in our calculations 
only the internal resistance of the battery. In practice, 
however, we must consider the extenuil resistance also 
This external resistance is offered to the passage of the cur- 
rent by the wires and the apparatus that is to be operated 
as, for instance, an electric bell. 
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Suppose the total resistance of the external circuit is 8 
ohms. To calculate the current strength we again use the 

equation of C = -jt- but the R in the calculations made in 

foregoing chapters represented only the internal resistance 
of the battery, while now we must change the equation so 
as to make it include the ^^.r^vv/^/ resistance also. 
We now write the equation 

_ E 

C standing for current strength, E for electromotive force, 
R for internal resistance and r for external resistance. By 
using the foregoing equation the table in Chapter XXVIII, 
giving the data for four cells, now appears as follows: 



WHOLE BATTERY. SERIES. 



Total e. m. f. in volts. 

Total internal resist- 
ance in ohms 

Total external resist- 
ance in ohms \ 8 

Total current strength' 

in amperes I .4 



6.4 



( 



16 



Ml'LTII'LE 


Ml'LTIPLE 


ARC. 


SERIES. 


1.6 


3-2 


.5 

8. f '•= 


4 

r '* 
8 


.19 


.26 



We see from the table that we get in this example the 
greatest current strength by connecting the cells in series, 
and the least current strength by connecting them in mul- 
tiple arc. 

Chapter XXXI. 
Rules for Grouping Cells. 

As a general rule it may be set down that the strongest 
current will be obtained from a battery if the cells are con- 
nected in such manner that the internal resistance R be- 
comes equal to the external resistance r. In some cases 
this will not be possible, and a combination must be chosen 
which will come nearest to these conditions. 

Generally it will be necessary to connect the cells in sefies 
when the external resistance is xtry ^ real, and in multiple 
arc when the external resistance is small. 

Batteries of different constructions should never be con- 
nected in multiple arc, as the e. m. f. might differ, and even 
with an open circuit, currents would be generated. 
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Rule: If the total internal resistance of a battery, with 
all the cells connected in series, is greater than the 
external resistance the best combination is formed in the 
following manner: 

Multiply the number of the cells by the external resist- 
ance; divide by the resistance of a single cell, and take the 
square root of this quotient. This will give the number of 
the cells which must be connected in series. 

Example: Twenty cells are to be connected. The inter- 
nal resistance of one cell = 5 ohms; the external resistance 
=25 ohms. 



20 X 25 __ r 100 _ 

^ 5 " 

Hence two batteries, each of 10 cells in series, must be 
connected in multiple arc. 

The resistance of 10 cells in series in this case is 10X5 = 
50 ohms. The resistance of two such batteries in multiple 
arc of course is ^7^=25 ohms. Hence we see that the in- 
ternal resistance of the battery is equal to the external re- 
sistance, which, as stated, is the most effective way of 
grouping the cells 

It must be understood, however that although this ar- 
rangement gives the strongest current it is not the most 
economical; for if the internal and external resistances be 
equal to one another, the useful work in the outer circuit 
and the useless work done in heating the cells will be equal 
also, half the energy being wasted. The greatest economy 
is attained when the external resistance is very great as 
compared with the internal resistance; only, in this case, 
the materials of the battery will be consumed slowly, and 
the current will not be drawn off at the maximum strength. 

From this point of view a cell should have a very low 
internal resistance in order to be economical. 
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Chapter XXXII. 
Data Regarding Batteries. 

p The lablc on pafic 3i gires tlie necessary eleclricil liata af 
"uierlcs. From these dara all nttessaty calculations can 
be easily miuje,. 

The current strengths required vary greatly ancotJing to 
•he nature of the appliances. Electric vibrating bells, tor 
inslaoce. require about .a amiJere, They act very well 
wilb two I*i!lanche cells io series. Regarding the restsl- 
ance of une prism cell as 1.3 ohm; thee. tn. I. of Cfiit 
prism cell as 1.40 volts; the resistance of bell as B uhms, 
ire as 2 ohms; then 



C = 



R+r 



'■40 






.nation, bad contacts and leakage in line may reduce 

about j ampere. Currents used in telegraphy are 

not greater than about j^o ampere. In order 

d results, it is therefore necessary to know first 

ace of an instrument and the current strength 

to operate ii; then the combination of the battery 

number of cells can he very easily deterjulned. 

often cells are guaranteed to last a certain length 

This, of course, is pure nonsense. For instance, 

r that every lime (be circuit for an eleelric bell is 

itettaia amoiint of energy is wasted in the celi^ 

SO calls a day are mililn On the ceU, and it would 

cue year; with iw) wlls a tiny Ic would lust only 

ttf, and with 200 calls a day only one-fourtli year. 

vires are badly Insulated, so that leakage ensues, 

tuay be slowly exhausted withoul doing much 

and thus cauie an eatly breakdown of the 



This > 



^^ve eiceUeat s 



eiplain why the lame botKiy may 



^ocd het»vc 
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Chapter XXXIII. 
Divided Circuits. 

If a circuit divides, as in Fig. 24, into two branches at 
i4, uniting again at JB, the current will also be divided, part 
flowing through one branch and part through the other. 

The relative strength of current in the tivo branches 
will be proportional to their conductivities. 

In fact, this law will hold good for any number of branch 
resistances connected between A and B. Conductivity is 
the reciprocal of resistance. If, for instance, we assume 
that the resistance of r = 10 ohms and r, = 20 ohms, the 




Wcit.Mltci'n, Chi. 



Battery 

FIG. 24. — DIVIDKD CIRCUITS. 

current through r will be to the current through i\ as 1^0 to 
^. This may be written in the form of a proportion: 



.'0 



5*0 



li'o 



1 

;> (I 



or as 2 : i, 

or, in other words, -J of the total current will pass through 
r and -J through rj. The joint nsi stance of the two 
branches between A and B will be less than the resistance 
of cither branch singly, because the current has increased 
facilities for travel. In fact, the joint conductivity will be 
the sum of the two separate conductivities. Taking again 
the resistance of r— 10 ohms and r^ -»=^ 20 ohms, we have the 
joint conductivity A + A ^° V*0' ^"<^l taking the reciprocal 
of A we get V ^ 6| ohms as the joint resistance. In 
most of the cases we have to deal with in this treatise the 
resistances of the different branches will be alike; this sim- 
plifies the calculations considerably. Take, for instance, 



3^ BELL HANGERS' IIAND-BOOK, 

two branches of lo ohms resistance each and find the joint 
resistance. 

Demonstration: 

iV -f- A "*™ 1^0 i the reciprocal is y = 5 ohms, 
or, in words, the joint resistance is one-half of the resistance 
of one single branch, and each branch, of course, will carry 
one-half of the total current in amperes. 

With 3 branches of equal resistance the joint resistance 
will be \\ with 4 branches \\ with 100 branches fhi of the 
resistance of one single branch. 

If the resistance of one electric instrument is 10 ohms, 
the joint resistance of 50 of these instruments connected in 
multiple arc is \%=' \ ohm; taking the current of the 
whole battery as 15 amperes, a current of ^J = ^ amperes 
would pass through each instrument. 
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Chapter XXXIV. 
Electro-magnets. 

In Fig. 25 is shown a voltaic cell with the circuit spirally 
coiling around a soft iron bar. This bar, when the current 




FIG. 25. — MAGNETIZATION OK AX IRON BAR. 

is passing, becomes an electro-magnet. The separate turns 
of wire must not touch each other or the iron bar, as this 
would cause a short circuit through which the current would 
pass. The wire must be insulated. The iron bar is a mag- 



^mm^ 



S. 



7 



Wut, SUet'n, CM. 
FIG. 26. — RIGHT HAND 
WOUND MAGNET. 



7/mrrfk 



WcBt. BUctn. Chi. 
FIG. 27. — LEFT HAND WOrND 

ma(;net. 



net only as long as the current flows. Its magnetism is 
Tinder control. When circuit is made the bar becomes a 
magnet; when circuit is broken it loses its magnetic jxjwer. 
Every electro-magnet has a north and south pole like a 
steel magnet. The end which the positive current enters a 
right hand wound electro-magnet, Fig. 26, becomes a south 
poU^ and the end which the positive current enters a left 
ikyifi/ wound electro-magnet, Fig. 27, becomes a north pole. 
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The most useful form of electro-magnet is that in which 
the iron core is shaped like the letter U — often called a 
horseshoe magnet — so that both poles may be applied to one 
iron armature. 

In Fig. 28, A is the armature held up by a spiral spring. 
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Fir,. 28. — ma(.;nets and armature. 

a and d are the iron cores which carry the bobbins of wire 
and c is an iron connecting piece. - 




FIG. 29. — INSTRUMENT MAGNET. 

Fig. 29 represents an electro-magnet used in finer Instru' 
ments. 
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Fig. 30 represents a common horseshoe electro-magnet. 

The spiral spring at -I in Kig. 28 is called the tension or 
adjusting spring. It must be so adjusted that it is just 
strong enough to pull the armature from the pole pieces of 
the magnet when the circuit is broken. 

To prevent the armature from "slicking" to the pole 
pieces, the latter are generally covered with paper or with a 
thin layer of brass or copper. Soft iron after having been 
magnetiied retains a small amount of magnetism which is 
called residual magnetism. 

The magneti/ing power of the coil of wire surrounding 
the iron core depends upon the numlwr of turns of wire 
and the strength of the current jias-sing through it or a.s it 
is generally expressed, upon the number of ampere-turns. 




The j-ftv'i^-M of a magnet Im imt the same thing as the 
^lingfoti'ir (also calleii [wrlativc f.ircel. 'Ihe ilivns;lli iif 
a magnet is the strengtli of its jioks. The slrenglli i>t 11 
magnet pole must be m(-aMiri;il li>- the magnetic force whicli 
it exerts. Thus, supposi- llicre are Iwu luagnets, .7 anil /<, 
whose strength we eomparu liy making them each set npiin 
the north pole of a thin) magnet C.'. If tlic mirth pule (if 
A repels C with twice as niucli fierce as that with which the 
north pole o( li placed at the fs-mie distance repels (.', we 
«artl>3t "><^ ''''•'"g"' of magnet ./ is twice that of /f. 
Another way of stating it is iii say that the strength nf a 
pole is the amount of free nitignelism at that |hi1c. 

The lifting po-,.\r i,f an ileetni-m.ignet depends not only 
on its magnetic strength, hut also u[K>n its form, on the 
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shape of its poles, and on the form of the soft iron arma- 
ture it attracts. A horseshoe magnet will lift a load three 
or four times as great as a bar magnet of the san;e weight 
and same number of ampere-turns. The lifting power is 
greater if the area of contact between the poles and the 
armature is increased. 

Small magnets lift a greater load in proportion to their 
own weight than large magnets. 

A magnet to which as powerful a degree of magnetiza- 
tion as it can attain has been given, is said to be saturated. 

It can be shown that, when the iron core of the magnet 
is far from saturation, the attraction of an armature of soft 
iron is proportional to the square of the magnetic strength 
of the electro-magnet. Suppose an electro-magnet to have 
its strength doubled; it will induce the opposite kind of 
magnetization twice as strongly as before in the soft iron 
armature, and the resulting force, which is proportional to 
the products of the two strengths, will be four times as 
great as at first. 

The strength of a given electro-magnet, when the iron 
core is still far from being saturated, is proportional to the 
number of ampere-turns, hence we can say that the lifting 
power of a given electro-magnet (when its core is far below 
saturation) is proportional to the square of the number of 
ampere-turns. In illustration, suppose we have a horse- 
shoe electro- magnet with lo ampere-turns of wire and pro- 
vided with a soft iron armature; this armature will carry, 
say, one ounce before falling off. If we increase the number 
of ampere-turns to 20, then the armature will carry four 
ounces. This principle may be stated in the form of a 
proportion, that is, all conditions being alike in both mag- 
nets, save the number of ampere-turns, the lifting forces of 
the magnets are to each other as the squares of the numbers 
of ampere-turns; thus, if the lifting force of a magnet with 
lo ampere-turns equals one: 

i: X =- io2 : 20' 
i: X = 100: 400 
i: X = I : 4 
X =4 

If an armature of hard polarized steel (a permanent 
magnet) is used, the lifting power will be proportional 
simply to the magnetic strength of the electro-magnet. 
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Chapter XXXV. 
Induction Coils. 

A magnet will induce magnetism in a piece of iron 
brought near it. In a similar way a closed wire circuit 
through which a current is flowing will induce electric cur- 
rents in another closed wire circuit brought near it. In 
Fig. 31 a b is the wire conductor through which the cur- 

Q 
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FIG. 31 — INDUCED CURRENT. 

rent of battery B flows, in the closed circuit c {/ is the 
galvanometer, G. As soon as the battery circuit is closed 
a current of very short duration is set up in the circuit c d. 
This current has the opposite direction from the battery 
current. As soon as the battery circuit is opened another 
current of short duration is generated in circuit c d, but this 
current flows in the same direction as the battery current. 
The galvanometer needle will deflect in these two cases in 
opposite directions. 

The induction coil is based on this principle. It consists 
of a cylindrical bobbin having a central iron core sur- 
rounded by a short inner or primary coil of stout wire, and 
by an outer secondary coil consisting of many thousand 
turns of fine wire, very carefully insulated between its 
different parts. The primary circuit, in which are also in- 
cluded an interrupter, and commutator, is connected to the 
poles of a galvanic battery. 

The object of the interrupter is to make and break the 
primary curcuit in rapid succession. The currents at "make" 

39 



It of spnrka 

between the emls of the secondary wires when brought near 

PUOUKh lc«ether. The coudeuBCr is made of alternate |ay- 

r^tK of tin foil and pjraflined paper, into which the current 

L&cnrs whenever circuit is broken. The condenser prerents 

T »ie spark of Che extra current — set up in the prinary circuit 

by self-induction — from leaping across the intemipter and 

weakens the inductive action in the secondary circuit at 

The induced currents are of vtry high e. m. f. and will 
e space. T i>'* ""'i 
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I condenser for arresting the momentwy 
(lifeci Indirccd current in P C, the priniarv coil ot thick 
wire, through which the bntiety current passes. .V Crep- 
rciwDts the sccnmlary crill of well insulated line wite in 
which apnrklnjj enmJiHs ar< indawd. D^ *nil A »"' 
dichargfmlitlod to thoeodsof thef.ionJary wni. 
ui Iron vera mode up of a bundle of very loft irm 
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I^iS' 33 sbows a commercial form of induction coil with 
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Chaptkr XXXVI. 
Electric Bells. 

of an electric vibrating or tremblinjr bell 
consisis oi an eieciro-magTiet K, Fig. 36, which moves a 
hammer li to and fro by alternatelj' attracting and releasing 
it. so that it strikes against a bell. By pushing the button 
I' the circuit is closed and the electro-magnet attracts the 
armature which carries the hammer. The armature is one 
pan of the circuit, the current entering above and leaving it 
at C At this point the contact is loosely made by the 
spring pressing against the adjusting screw (.'. The con- 
tact points of both spring and screu are covered with plat- 




inum to nilhstand the action of the electric spark at C. As 
soon as the lever is attracted for«-ard, the circuit is broken 
at C by the spring moving away from contact with the 
screw, hence the current stops, and the electro-magnel 
The lever and hammer 
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therefore fall back, again Establishing contact at C. where- 
upon the hammer is once more attracted forward, and so 
on. The push P is shown in section on the right of Fig, 
36, It usually consists of a cylindrical knob of ivory or 
porcelain capable of moving loosely through a hole in a ciicu- 
lar support of porcelain or wood, and which, when pressed, 




IG. 37,- 

forces a spring against a meml pin, and thus makes electri- 
cal contact between the two parts of llie imerruptcil firiuit. 

Electric bells aregcnerallj- made in two forms. The skel- 
eton bell is used for the larger and the box bell fur the 
■mailer sixes of gongs. 

Fig. 37 shows a well-known form of skeleton bell 
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frequently made of uood and also frequently made of 
melal. This particular form of bell is designed to be hung 
from supports, but these bells are also made to be placed 

A bell should aluajs be placed in the position it was in- 
tended to hang by Its constructor, i. e., gong above or 
below the magnet. If this rule is not followed the vibra- 
tions may not be regular. 

When an especially loud and continuous call is required, 
as in large halls or for fire alarm purposes, the electro- 
mechanical bell is generally used. 



Fig. 39 shows an electro-mechaniisl l.ell with (he coV«^ 
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Fig. 40 shows the arrangement of a single battery supply- 
ing several bells, actuated separately by different buttons, 
the bells being connected in multiple or parallel. 
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FIG. 40. — r.ELLS IN MUI/nrLE ACTUATEI) «Y DIFFERENT 

I5UTT0NS. 

By running the wires as indicated in Fig. 41, the resist- 
ances of all external circuits leading to the bells \vill be alike. 
This condition is very desiral)le when vibrating bells are 
connected in multiple or parallel, and when it is desired to 
have all bells ring simultaneously upon pressing the 
push button. 

It is clear also that the resistances of the magnets of the 
different bells must be about alike. If the resistances of 
the bells or the separate circuits should differ, the current 
would divide unevenly between the different circuits as ex- 
plained in Chapter XXXIII, on divided circuits. In other 
words, one bell would get too much and another not enough 
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cuirent. In the first case the spark on the 
would get too intense; in the other case the 
very feebly or not at all. 





.. 42. ONE 



Fig. 43 represents a system which may be used to trans- 
mit certain signals iike two telegraph instruments between 
two stations. The stations must be connected by three 
wires and the use of this system will therefore be limited lo 
short distances on account of cost of line material. By 
pns^ng button l the bell S, alone rings, while button 2 
onlr rings bell S^- The diagram explains the connections. 
If mch a systetn should be required for long distances, the 
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long distance call bell system as explained in Chaptei 
XXXVIII may be used. 

/ 

I 



r 







B 

FIG. 43. — BELLS AT DIFFERENT PLACES FOR SIGNALING 

Chapter XXXVII. 
Single Stroke Bells. 

Any vibrating bell may be changed to a single stroke bel 
very readily. 




FIG. 44. — SINGLE STROKE BELL. 
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In Fig. 44 the connections of a vibrating bell are shown 
as explained in Chapter XXXVI. 

AI\^ the magnet; P^ P^ are the binding posts; Ay ar- 
mature carrying hammer; »S\ spring; C contact screw. 
By disconnecting the vAxt, P^ C and connecting /" with A 
or S as indicated by the dotted line, the bell will be made 
single stroke. When the circuit is closed the armature will 
l)e attracted by the magnet and the hammer will strike the 
bell once; the circuit will remain closed as long as the push 
button is held down. 
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FIG. 45. — VIBRATING IlKLLS IN SERIES. 

Sometimes it will be necessary to connect a number of 
bells in series and have them all vibrating. In this case- 
one bell only should be made vibrating antl all the other 
bells should be made single stroke. In Fig. 45, /' 
represents the vibrating bell, and SS the single stroke bells. 
K acts as interrupter for the whole series of bells and keeps 
them vibrating as long as push button 7' is ]5resseil down. 

If all these bells were left connected as vibrating; bells, 
they would not ring at all, as the vil.^rations of one bell 
would interfere with those of the others. 



Chaptkr XXXVI II. 
Long Distance Call Bell System. 

For transmitting calls to a long tlistiuice. the system out- 
lined in Fig. 46 is used. Only one wire is employed, the 
ground being used as a return. This method is Uhcd to 
save the cost of the wire for the return. Two separate bat- 
teries are employed, one at each end of the line, which are 
always open and only in operaliim at the moment of signal- 
ing. For this system, bells having a resistance of at least 
twenty ohms should be used. Tlie number of cells required 
for each battery will be according to the distance of the 
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slalions from each other. For less than one mile, six cells 
at each end will be suificient battery. In the diagram I is a 
double contact key and z is the b«ll. H the battery and G is 
the ground connection at each station, respectively. 




It will be seen that the arr.-ingements of electric bells may 
be varied indefinitely, and <lo not give rise to any serious 
difficulties if a little care be taken. 



Push Buttons. 

The range of style, shape and construction of push but- 
tons is almost limitless, 'j'hey are made both in wood and 
meCals of various kinds. Kvcry day sees new styles manu- 
factured and any well assorted stock olTers a range of choice 
from the common, cheap wood push button to that of the 




most artistic liandiwork; the one for a barn, it may be, the 
other for a palace. 

A few designs are shown. Kig. 47 represents a u'OodeQ 
push button: I^'ig- 4^ a nickel-plated button; Fig. 49 a 
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PUSH BUTTON. 
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>t upon t&e projecting pinion •Aobvs tho circuit, and causes 
.jt bell to ring;. 

F'B' 53 shows a totpbiiiittioii of a lloor key and a pusli 
button- The purpose is plaiu. The Iluur key tan be used 
as such when desired, or in case necesEiiiy requires it, tlia 
cord can be attached, first removing the center pinion and 
the push button can then be placrd where desired. 
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Chapter XT.. 
The Buzzer. 





which till viiiraiing hummer strikes a sound- 
piec&, prodilcine a distinct liumming rir buzibe sound. 
' often MDd to Ciill n durit m messeager from nis 

U JlrtOlng jteneral attuntian to the call. "'' 

K watl-knoint fans u£ Uiia iosimmeDt. 
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ChaI'tek XLI. 

Indicating Box Bell. 

The bell is connected in the ordinary was". The bell mag- 
net projects through the wood bos and attracts and holds 
the needle in position until thrown down by the pin that 
comes bet\reen the magnet and needle. The needle is simply 




fastened to the onlside of the box by a screw pin with 
shoulder. When the circuit is closed the bell will ring, and 



I the oQiside of the box by a sc 
shoulder. When the circuit is closed the bell « 

le the needle will indicate, s .. ._.. 

attendant is not present when the bell rings, he will, upon 
returning, see that he is required. If the bell should gW 
out of adjustment and fail to ring, the needle will also indi- 
cate, and thus show that a call has been made. The needle 
is thrown off by hand by a trip movement. 
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Chapter XLII. 
Annunciators. 

The general directions given tor the connecting electric 
bells apply equally to annuncialors. 

These instruments are made for a variety of different 




Fig. 56 illustrates an olTiee call annunciator; Fig. 
57 an elevator annuncialor; Fig 58 a hotel annunciator 
Fig. 59 is a simple diagram showing how the cir- 
cniti between push buttons, battery and the annua- 
dator are run. The position of the e — '" 

5S 
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indicated: S indicates the battery; i. z, 3 and 4 are push 
buttons; 5 is n floor kej' and 6 is a separate electric bell in 
circuit with the sume battery that actuates the system within 
Che house. 




The IndicBtiims on the face of the annunciator of oiUt 
■em tnaa rurious points. «i* made in Oiffertrat wsya; ^. 
quvnily by needtiii which iJiuiise front that nurmal jMWliw 
when Hmj «re nu-tualcd bf the cIoifIok Of a circuit, Uiidt^. 
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cated in Fig. 56, where it is plain the attendant is desired 
in the auditor's oflfice, and Fig. 58 where calls are recorded 
from rooms 9, 29 and 50; frequently the call is recorded by 
a drop or shutter which normally is in a nearly vertical posi- 
tion but when the circuit is closed by pressure on a push 
button the drop falls and discloses a number or name. 

In the illustrations shown, each individual annunciator, 
as distinguished from the whole instrument which is also 
called an annunciator, consists of a little electro- magnet, 




FIG. 59. — ANMNCIATOR CIRCl'ITS. 

and an armature which is attracted when circuit is made by 
pressing the corresponding push button; as soon as the ar- 
mature moves, a little lever is released which turns over by 
its own weight and moves the pointer on the face of the an- 
nunciator. A vibrating bell connected in the return wire, 
leading to the battery, rings at the same time. After the 
attendant has noted who has called, he moves a lever on the 
bottom of the annunciator box which pushes the little lever 
again in its place so it is held by the armature of the electro- 
magnet. There are innumerable constructions but the prin- 
ciple is the same in almost all of them. 



ELECTRIC ALARMS. 

Chapter XLIII. 
Electric Alarms. 

Alarms are apparatuses to warn of an impending danger 
or accident either to property or human life, or to both. 
Their number and arrangement may t>e varied indefinilely, 
but we can describe here only a few eiamples. There are 
hundreds of new inventions in this line every year. 

Alarms may be classified into those operated by hand- 
hand alarms — and those which operate automatically-^ 

Chaptkk XLIV. 
Hotel Fire Alarm and Room Call. 




FlC. 6o.~HOTEL FJRE ALARM AKO ROOM CALL. 

In^'entive genius has done much to lessen the daQ{;;er In 

case oE lire, but until tlie introductionofthehotel fire alarm 
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o absolutely reliable means bad been invented for arouMng 
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Fig. 60 represente a hotel fire alarm and room call ap- 
paratus, which is placed in the office. In each room of the 
hotel there is a bell which is connected with the series of 
push buttons shown in the cut. By simply releasing a lever 
or arm the bell in every room is rung twice during each 
revolution of the lever, and the revolutions continue until 
long after every guest has safely left the burning building. 
This alarm is automatic only from the moment the clerk or 
attendant starts the lever. 

This system, on account of its ingenious and reliable con- 
struction, can always be depended upon as a fire alarm. 
No large battery is required to operate it, and its daily use 
as a room call is a constant test of its readiness for use in 
case of fire. 

The value of the system is not alone in its capacity as a 
reliable fire alarm. With it, the clerk can instantly answer 
the call of a guest; can call a guest at any hour, thus avoid- 
ing the necessity of sending the porter to rouse a sleeping 
guest by pounding on the door to the annoyance of the oc- 
cupants of adjoining rooms, or can ascertain at once if a 
guest is in his room by simply pressing the button on the 
fire alarm dial corresponding to the room he desires to call. 
The apparatus may be so arranged that the call bells in the 
rooms will give but a single tap when used as a call, and 
ring as vibrating bells when operated as a fire alarm. The 
guest, of course, can answer the call from the office by 
pressing the push button in his room. Fig. 61 represents a 
hotel annunciator, fire alarm and room call combined. 

Chapter XLV. 
The Hess System. 

Fig. 62 shows the system of wiring for the Hess com- 
bined annurciator, fire alarm and room call. The room call 
device is not shown in detail, the illustration being designed 
to show the method of wiring only. 

The diagram shows the combined system for 20 rooms 
with battery, bells and buttons for rooms. A represents the 
instrument in the office showing call board A^^ partially 
open, which shows to advantage the battery and room con- 
nections: B represents batteries; C push buttons, and D 
electric bells. 

Directions for installing are as follows: Place the batteries 
in a cool, dry place, connect the bell batteries in sections 
of two as shown. Run a uire from the zinc pole of bat< 
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teiy, to battery post number i, od the call boardj [rom post 
naraber 2 on battery to post number 2 on board, etc. The 
annunciator requires from three to five cells of battery. 
After locating it run a wire from the zinc pole to battery 

The push buttons should be placed some four or live feet 
from floor with bells directly alxive them and out of reach 
of guests. Run a wire from post number i on call board 
to center or main spring on push button in room number i 




from post number 2 to push button number I, etc. Kun a 
wire from the top spring of push button to either post of 
bell in the same room. Run a wire from the carbon post of 
annunciator battery to and through the rooms, running a 
branch wire from it to ihe lower spring: on each pusli but- 
ton. Connect the carbon post of each oue of the call bell 
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batteries numbered i, 2, 3, etc,, to a large copper wire, and 
run this large copper wire through the rooms, with a branch 
wire from it to the remaining post on each bell in the several 
rooms. This large wire should have conductivity of num- 
ber 12 copper wire for 50 bells, where the 50 bells are to be 
rung simultaneously. If more than 50 bells are to be rung 
at any one time wjre with suitable conductivity should 
be used. The wires running from the zinc of call bell bat- 
teries to battery posts on call board should be number 16 
copper, but number 18 will answer when the circuit is 
short. Number 18 wire will answer for the annunciator 
return wire and for all leading and return wires, as well as 
for branch wires. In running wires care should be taken to 
keep the annunciator and bell return wires separate if pos- 
sible. See that good electrical connections are made and 
that all joints are soldered and taped. In bunching in- 
sulated wires they must be left loose. Two cells of good 
open circuit battery will answer for each battery section 
except where the bell circuit is unusually long. In that case 
three cells should be used. 

In this system each five bells are worked from a separate 
battery section, either when working singly for guest call 
or all together for fire alarm call. Bells numbered i, 2, 3, 
4 and 5 are rung from battery number i. Those numbered 
6, 7, 8, 9 and 10, from battery number 2, etc. 

Chapter XLVI. 
The Western Electric Go's. System. 

Fig. 63 is a diagram showing the Western Electric com- 
pany's system of combined hotel annunciator, fire alarm and 
mdividual call as arranged for 16 rooms: A is the annun- 
ciator; B the call box and fire alarm; C the battery operat- 
ing the annunciator; D the batter}- operating the bells, indi- 
vidually or simultaneously as circumstances require; the 
several circles, x x, indicate the push buttons, on which are 
three set screws; E shows wires running from the annunciator 
to the call box, connecting to individual springs on the an- 
nunciator, numbered to correspond with connecting posts 
under A on the call box. 

Directions for installation: P'rom connecting post on 
call box arranged in row under Z, run a wire to the large ot 
main set screw on push button x^ from the upper piece of 
metal, or the one coming in contact with the large or main 
set screw, run a wire to one connecting post on the bell; firoin 
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the other connecting post on the bell run a wire to and 
connect with DumbCT lb wire &1, as shown in the diagram, 
, Fromtheremainingset Rcrewofthepushbutlonruna wire 
to number 16 wire P, this wire being the return or battery 




bultonii are pla<»<l alxiul fmir and a lialf or livu f 
the Hoot. 

Care should bo taken in running wires tu litup the jiules 
of the batter}' separateil as far as jjrrs^ibli: from oui:h 

CltAIM-Kk XI.VII. 

The Double Wire System. 

Fig. 64 shows another systi-m oF hotel annunciator, fire 
alarm and indiviilual i:d! dt-signed ()y the same companv. It 
dilTers from the unvdcscrilxil in the preceding ciiapter in re- 
quiring a double set iif wiring. It t-an lie worked with the 
battery u^d for the annunciati>r, byiliscniinerting wire li IS 
from battery numlwr 2 and (.-onncclingwite C C in wire ^1 
A, battery number i , and disconnecting wire C C from wire 
O D. The push buttcms in this system liai'e but two 
connections, to either of which the wire that runs to the 
annunciator can be connected. From the other connecting 
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screw, the olher wire runs to the number 16 wire, which 
runs to the battery, the same wire being used as the battery 
wire for each one of the bells for fire alarm or individual 
calls. From the other post the wire runs directly to the con- 
necting post on the fire slarm dial. From connecting post 
on fire alarm dial B. number \it wire B B, runs 10 one side 
of the battery; from the other side of the battery going to 
one connecting post on belt in rooms and to one 
connecting post on push buttons 
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rooms. The battery wire in all cases should be not smaller 
than number 16. One of the principal features of this sys- 
tem is the small amount of battery required to operate it; 
in no case is it necessary to use on the lire alarm more than 
six cells of disque I^ectanche, no matter whether the num- 
ber of rcxims or bells is 20, or 1 20, or even more; and for 
the calls from rooms to annunciator but tour cells of disque 
e necessari'. This system xf"-"~' — >~ •■•— 
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Chaptbr XLVIII. 
Partrick & Carter's Systems. 

Flifs. 65 sDd tt,a show the latest system of wiring for 
aaDQiiciator. fir« atann and call return, known aa Pat- 
trick & Outer's sTstem. In the cnl. Fig. 65. 1-2 3-4-5 in- 




FIG. 65.- 

<IlcAle combination bells in rooms; A represents wasber 
on top of annunciator to connect wires W; C washers at 
'^-" ' -■ ■'-'■» X; ^ /< general bat- 




FIG. 6SA. - 

VetlX B battery wires. This system requires two leading 
wlrai and one battery wire. In order (o avoid complica- 
tionii nse white covered 18 or 19 wire for wires marked 
W. Use iB or 19 red covered wire for wires marked X, 



and No, ij b)oe covered wire for wire B at batterr wire. 
From 4 to 6 cells of batteiy aie required. 

By reference to Fig. 65a it will be seen that one lead- 
ing and two bflilery wires are required for this system ; 
tbos ia a lOD room botel 103 wires are required, and but 
one series of batteries. In 01 de r lo asoid complications 
use while iS or 19 covered wire for wires mailied Pfj red 
18 or iq covered wire for wires marked R. and blue 16 or 
18 covered wire for wires marked B. Be sure to make 
coonectioo from carbort pole ol batlery to sniall bindini; 
post C and zinc pole of battery Z Id large binding' post Z. 
Four or five cells of battery are geuerBJly enoagb. 




vt«on fire alarms in connection with hotel annundiirort have 
been diifasaed inasmuch, as slated in Chapter XLIV.tbcM 
alartni an not automatic until ihey have maDiulty b 
d iaio ojMration. We now come 10 (be secotia ^ 



tbcaubdlvislon, automat: 



arms. Tb« 6rSl ol p 
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nence is the electro-mercurial system. This system has 
three essential elements: Mercurial bulbs or thermostats 
placed in the ceilings throughout a building; a circuit of 
insulated copper wire, running through the thermostats, 
and a battery; and an annunciator and bell placed in a 
prominent position either within or without the building. 

The principal feature of the system is the thermostat 
shown in Fig. 66. It is a glass bulb, in which a column of 
mercury moves up and down with the rise and fall of the 
temperature, with a platinum wire sealed in the glass at 
each end, the lower wire in contact with the mercury, the 
upper one terminating just above its surface. This simple 
bulb, connected in an ordinary electric circuit, is a sleepless 
sentinel. It is set in the ceiling of a room, and whenever 
the heat becomes too great for safety the mercury rises, 
thus completing the circuit; the alarm bell rings and the 
annunciator shows the exact location of the fire within the 
building. 

The thermostats are inclosed in copper shields and placed 
in the ceilings, one in every room or closet, in hotels, office 
buildings and dwelling houses. In all large rooms, such as 
stores, warehouses and manufacturing establishments, one 
is placed in every twenty feet, so that in no case can the 
heat spread over ten feet before its effect will be felt. It is 
customary to set thermostats at 120 degrees Fahrenheit, 
but in places where the normal temperature is frequently 
high, as in engine rooms, laundries and attics, they are set 
to operate at a higher temperature. 

This system is specially useful in stores, warehouses and 
manufacturing establishments, in mills and elevators, in 
schools, colleges, and all public buildings, in hotels and 
office buildings. 

In hotels and establishments where watchmen areonduty 
at all hours of the night, the lire alarm bell is usually located 
in the building which is protected. In other cases the bell 
is placed at some neighboring point where it will attiact 
attention. 

In the larger cities complete systems of automatic fire 
alarms have been introduced. The apparatus used at the 
central station of the fire department is quite extensive and 
often arranged for either open or closed circuit. The alarm 
is received on a register giving the location of the building 
from which the alarm is given automatically by a thermo- 
stat. The annunciator located near the front entrance of th" 
building shows the floor or section from which a thermc 
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gives this signal automatically. In such central stations 
only one main battery is used. Testing apparatus is used 
to give warning of breaks or trouble in the wires or appa- 
ratus. Fire departments, recognizing the great utility and 
reliable character of the system, have always been very 
willing to receive and respond to the calls of this alarm. 



Chapter L. 
The Metallic Thermostat 

The principle of the metallic thermostat is the unequal 
expansion of two different metals, or a metal and some other 
substance. Fig. 67 is given to illustrate the principle rather 
than to show the most commonly accepted form. There 
are in this illustration two distinct thermostatic couples. 
They consist of two U shaped metallic strips, each con- 
sisting of a copper strip and a zinc strip soldered together. 
One set of strips is thick, and the other thin. They are, 
however, of the same length, the two zincs being on the 
inside. 




FIG. 67. — THE METALLIC THERMOSTAT. 

As soon as the temperature rises, the plates are heated 
and expand; by expanding unequally the two arms of the 
U tend to separate; but as one is fixed, the whole effort is 
extended to the second arm, which opens out from the fixed 
point. But the plate B, the bulk of which is smaller, ab- 
sorbs the heat more readily, so that if the increase is sad- 
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den and considerabte. as it always is at the banning; of a 
fire, it expands rapidly and makes contact with A, which, 
being of greater mass, talies longer to heat and expand. 
If, on the other hand, the air becomes heated from ordinary 
causes, the rise in temperature always being more gradual, 
the plate A has time to expand, and the two contact points 
C Cdo not touch. These contacts are made of bent silver 
or plalinum strips, so that the contact may take place in all 
positions of the plates. The advantages of this instrument 
are its simpUcity, sensitiveness and automatic action for 
preventing false alarms. 

Chapter I, I. 

Burglar Alarms. 

The most efficient means of protection of residences 
against burglars is the electric burglar alarm. 



The arrangement of the api«iruins is generally s 
nben connected in a dwelling, that the act of open! 



:i1ly such, 
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window, door or scuttle, will instantly close an electric cir- 
cuit and cause the annunciator bell to ring. The alarm will 
continue to sound so long as the opening exists in the house. 
At the same time the annunciator will indicate in what por- 
tion or room of the house the attempt has been made to 
break in. 

Formerly an arrangement known as the switch indicator 
was used for the purpose of locating the part of the house 




FIG. 69. — WINDOW CONNECTION. 

Operated upon by the burglar. The substitution of the au- 
tomatic annunciator for the switch in this arrangement has 
proved to be a matter of great importance, inasmuch as it 
enables one to see at the instant where the danger is. The 
indication once made remains until the pointer is restored. 

Fig. 68 shows a form of burglar alarm annunciator. 

Figs. 69, 70 and 71 represent different forms of window 




KIO. 70. — WINDOW CONNECTION. 

contacts or connections nsed in this system. The las' 
being designed more particularly to allow a movement of ^ 
window up or down for ventilation without causing th« 
burglar alarm to sound a warning. 




FIG. 71. — VENTILATING WINDOW CONNECTION. 

Great care should be taken in fitting these contacts prop- 
erly to the doors and windows, in order to avoid false 
alarms. 
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uipped » th silent tests. 




ATTACHMENT. 



coDtinaous ringing attachments and clockwork to ai 
Icall/ disconnect the alarm from a part or the nhole house 
at any desired hour. Fig. 73 shows a burflar alarm witb 
dock attacbmenL 
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Fig. 73 is a diagram showing the wires and connections, 
in a house fitted with a burglar alarm, having one opening, 
door or window, in each room, and the scuttle in the roof, 
numbered 2, 3, 4 and 5 respectively. A is the annunciator; 
B B the battery, consisting of three cells; N the zinc 
pole of the battery, from which a wire is run directly to the 
right-hand binding post B of the annunciator. To this 
wire no others are connected, P is the carbon pole of the 




no. 73. — ciRrriTs for burglar alarm. 

battery, from which a wire is run to the left-hand post B of 
fhe annunciator, and to this wire, braach wires are con- 
nected, running from one side of the spring of each win- 
dow and door to be protected, as shown by the dotted line. 
P'rom the other side of each window and door sprine a wire 
is run, as shown, to the remaining annunciator binding 
posts; this wire from each separate room going to a post 
whose drop letter, name, or number, as the case maf be. 
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corresponds with the letter, name or number of the room' 
from which the wire comes. It should be understood that 
where there are several doors or windows in a room, the 
wires from one side of every door and window spring of 
the room are connected with the battery wire represented 
by the dotted line; and the wires from the other side of 
every spring are connected together and then with the wire 
running to the annunciator binding post, whose drop desig- 
nates that room. This gives a common route from one 
side of the spring of every opening in a room to the annun- 
ciator post whose drop designates that room. From the 
other side of the spring of every opening in the same 
room a common route is given by connecting the wires to 
the battery wire, as represented by the dotted line. The 
circuit is thus completed through the battery to the right- 
hand annunciator post and thence through the bell and each 
respective drop to the annunciator posts leading to the va- 
rious rooms. 

Chapter LII, 
Desk and Safe Alarms. 

The idea of utilizing the electric alarm to give warning 
of the improper opening of a safe, is not new. But only 
the closed circuit systems are of much use, as thieves know 
most of these contrivances, and a wire properly cut re- 
duces the obnoxious bell to silence. With a closed circuit 
alarm this last resource is denied to the safe-pickers; the 
cut wire at once betrays their presence by giving the alarm 
on the bell, and if the wire is not cut the first movement 
of the door produces exactly the same efTect. 

An ordinary electric bell, two batteries (one closed and 
one open circuit), and internal contacts which break as 
soon as the safe is opened, are all that is re- 
quired. The closed circuit battery may be placed in 
the safe or any other suitable place, and forms the electric 
source of a circuit completed by the coils of the electro- 
magnet of the ordinary bell, the wires which lead to the 
safe, and the contact or contacts, the breaking of which is 
to give the alarm. 

The bell is also in circuit with the open circuit battery in 
the ordinary way, but with no break in the circuit. The 
current of the closed circuit battery which circulates con- 
tinuously in the magnet of the bell, maintains the armature 
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close against this magnet, and in consequence keeps the 
circuit of the open circuit battery open while the spring of 
the vibrator and its screw are not in contact. But if from 
any cause whatever the closed circuit becomes broken, the 
armature flies back, makes contact with the vibrator, and 
the bell rings loudly until the closed circuit is re-estab- 
lished. 

There is nothing to prevent a multiplication of the bells 
by placing them at several points. It is only necessary to 
break the closed circuit at any point to make all the bells on 
this circuit ring at once. 

This use of the closed circuit also enables warning to be 
given at any moment if the system is not in proper working 
order, for if by negligence the closed circuit battery is allowed 
to run down, the boll at once gives the alarm. 

This closed circuit battery acts for a long time without 
renewing, as it is only necessary to keep an armature in con- 
tact with its magnet, and a very small current will do this. 



GAS LIGHTING APPARATUS. 

Chapter LIII. 
Electric Gas Lig^htingr Apparatus. 

Electric gas lighting apparatus may be classified into: 
Portable gas lighting apparatus; 

Electric gas lighting apparatus for public buildings, such 
as halls, churches and theaters, (also called the multiple 
system); 

Electric gas lighting apparatus for residences. 
The latter class is susceptible of sub-division into: 

The plain pendant system, 

The ratchet pendant system, 

The automatic system. 

Chapter LIV. 
Portable Gas Lig^hters. 

These instruments are generally based on the calorific 
properties of the spark produced by an induction coil, and 
the internal arrangements allow the use of a powerful bat- 
tery, taking up very little space. The apparatus consists 
of a rod of a length to suit the height of the burner, to the 
lower part of which is fixed an el)onite tube an inch and a 
half in diameter, and 8 inches in length. The tube divides 
into two parts, which are shown separately in Fig. 74, and in- 
closes the battery ami the coil. The battery is hermetically 
closed, and has a disk H and a brass rim C on the upper 
end which form the two poles; when the two parts are 
screwed together these make contact with the two springs 
B and C. II is an ebonite lube inclosing and protecting the 
induction coil K, the secondary wire of which communicates 
with the brass tube 1 . and a central insulated conductor M ,the 
point of which is near to the end of the brass tube. The 
currents induced in this wire give a series of sparks between 
the tube T-, and the rod M, which light the gas when the 
end of the apparatus is brought near the burner. 

When the enil of the tube L is brought near the burner 
to be lighted, it is sufficient to press the button E from left 
to right, in order to develop a limited number of sparks 
sufficient to light the gas. The effect of the motion of the 
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vibrator is some distance from its contact, and closing the 
circuit produces no effect; the motion of F causes a mechan- 
ical displacement of the spring of the vibrator, which 
vibrates for some seconds, and produces a definite number 
of contacts, giving rise to an equal number of sparks. 
Owing to this arrangement the expenditure of electric 
energy required for each lighting is limited, and on the 
other hand the vibrator is worked mechanically when it 
would be unable to act if it were necessary for the current 
to do the work. The required vibrations being obtained 
from the hand of the operator, the battery is 'saved this 
work, and lasts longer. 

Fig. 75 is a form of gas lighter, which, although re- 
sembling that shown in Fig. 74 in external appearance, is 
entirely different in principle. It is in reality a small static 
machine, the plates being spun at great speed by pressing 
the button sharply. As no battery is used, there is nothing 
to be consumed, and the whole apparatus being mechanical 
in action, as long as the parts are not broken, it is an inex- 
haustible source of sparks sufficient to light the gas. 

All these lighters act well and render valuable service; 
they may be considered a natural and indispensable ad- 
junct to domestic electric bells. 



Chapter LV. 
Apparatus for Public Building^s. 

Among the most useful applications of electricity is that 
of the instantaneous lighting of gas in buildings where 
many jets are used, as, for instance, in churches, theaters, 
public buildings and depots. The system also proves ad- 
vantageous in large stores and otTices. When the gas is 
turned on at the meter the stroke of a telegraph key sends 
an electric spark flashing from burner to burner, and the 
room is at once in a blaze of light. It is possible to light 
every gas jet in a large building within a single second. 

The central apparatus generally consists of an induction 
coil, with condenser, key circuit breaker, a battery, and a 
circuit switch, all conveniently placed in a wood cabinet. 

The induction coil must meet the requirements of each 
single case, so it will give a spark of suitable length and 
volume. Many of the coils which are sold for gas lighting 
are not made properly, and give a long but extremely atten- 
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uated spark, so that the current, instead of passing through 
the entire circuit of the burners, is apt to jump across and 
leave some of them unignited. With a coil properly con- 
structed, there is no likelihood of annoyance from the 
jumping of the spark. 

Instead of an automatic circuit breaker, a hand key is 
generally used. In this way the time for applying the 
spark is completely under the control of the attendant, 
which is of great importance, especially in theaters. 




FIG. 76. — LAVA STANDARD AND TIP. 

The burner, l''ig. 76, consists of a lava standard and tip, 
with platinum-pointed poles placed over the tip. The 
poles of the different burners of a group are connected in 
series to the switch of the central apparatus, so that the 
spark passes across all the burners of a group. After ignit- 
ing one group the switch is turned to make contact to a 
second group, etc., until all the groups are ignited. Each 
group of lights has, of course, a gas key near the central 
lighting apparatus. This key must be opened before the 
gas can be lighted ; the individual cocks on the burners, of 
course, are kept open all the time. As forty or more burners 
may be sometimes connected in series in one group, a 
strong induction coil and a very high e. ra. f. is required to 
give a spark of the necessary length. 

It is hardly necessary to say that the fine wire coil of the 
induction apparatus is in series with the poles of the differ- 
ent burners of each group, and that the coarse wire coil is 
connected in series with hand key and battery. See Chapter 
XXXV on induction coils. 
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are not as reliable as cood induction apparatuses, 
represents a friclional gas lij^hting machine with a 
connecting to tour groups o£ burners. 

Chaptkr ].VI. 
Apparatus for Residences. 
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ing a stop-cock, so arranged w[tb a pa wl and spring' that 
one pull of the chain turns the wheel one notch forward, 
bringing one of the gas-ways of the gas-cock in direct line 
with the burner gas-way. thus lurning on the gas, and at 
the same time, through the electrical connection, lighting it. 
The ncM pull of the chain titfns the ratchet wheel another 
notch, and the gas is turned off. See Fig. 78. 

The Plain I'emitiiit. — The plain pendant, Fig, Jg, differs 
from the ratchet in that it does not operate a stop-cock, but 




simply lights the g:is after it is turned on by the ordinary key. 
This burner is especially useful in stores, or in the kitchen, 
where the ratchet-burner is not necessary', thus materially 
reducing the cost and the possibility of the gas being left 
escaping where the burners are subject to the use of igno- 
rant or careless persons. 

Argand burners ate fitted both as ratchet and plain pen- 
dants, and they differ from the common burners may in 
having argand instead of the ordinary burners above the 
stop-cock. Gasoline burners can be fitted to light by elec- 
tricity, also. 
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Tkt Automatic System is that by which the gas is lighted 
and extinguished from some distant point by buttons placed 
in the wall for that purpose, and consists of automatic 
burners, Fig. 80, and push buttons, Fig. 81, or keys, for 
lighting them. In the automatic system, electricity not only 
lights the g^s, but turns it on and oR. This is 




J^r 



So- 
pltshed by electro magnets 

byalever operates the gas lock so [nan vinen me arn' 
ture mo>eb in one direction the lever moves the ^top-co 
and turns on the gas and u hen the armature moves in t 
other direction it turns off the gas By pressing t 
white push button 1 ig hi the gas is lighted ; by pressi 
the black button thegasisextinguished. This system is z 
adapted for universal use in houses, for in most places. 
on chandeliers, the pendants are much i 



■ And cosi very mucli ksi; I'ui in a few place? the ai 
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be lighted by buttons placed at thS frontdoor or by the 
chamber door, or one in the cellar, with push buttons or 
keys at the head of the cellar stairs, or at some convenient 
point in the cellar, or one in the family chamber, to be 
lighted from the bedside and chamber door, arc all luxuries 
which, after accustomed use. become necessities to house- 
hold comfort. 

Chapter LVII. 

A Novel Automatic Burner. 

The interior of a novel automatic burner is shown in Fig. 

S3 D, is a shell containing the helices, four in number. 

of which only two, M, P, are shown; the four, by means 




FIG 83.— 1 N 

of the iron disk. K, constituting two horseshoe magnets. 
The arnialure, J, is suspended below the cores by means of 
the valve stem, II, which is attached to the conical valve, 
G. When a current is passed through two of the helices, 
the armature is raised and rotated to the left into the pou- 



tion indiciitetl by Ihc dotted lines, bringing the rtcess, d, 
v^tt the hook, e, and whtn the current is brokeo the erma- 
lurc falls upon this honk, lurking li and liolding the vhIvr 
aboVK Us seat, permilting egress of the gas. The spark-nnj- 
ducingtiieclianism referred toaboveconsisls of an ami, U V, 
bent at right angles, aad passing througti thj: wall of the tip 
socket at V, and terminating over the valve at W. the point, 
V. constituting a valve and valve seat, the spring, i p, stall 
times pressing these twn parts together and Iteeping them 
gas-tight, and at the same time pressing the two platinum 
sparking points, U T. into contact. Therefore, when the 
valve is first lifted it reaches the termination, W, of the 
vibrating lever, W V U. and pressing it opward breaks 
the circuit at the points, T U, produdi^ a spark; as a 
consequence, a vibrating action with a continuance of 
sparking results as long as the operating key » kept closed 
with the linger, as in other burners for a slDiilar purpose. 
To extinguish the lighted gas. it is only necessary to close 
the circuit through the other two helices to thegrotjnd, 
when the armature is lifted and rolnted free of the locking 

I hook, and dropped when the circuit is opened at the key. 

; It will be seen that the valve cannot be possibly (^ned 
by accident; that on account of the eirtreroely shtjrt raovc- 

It of the armature, Ijut small current is required to op- 

e it, and that with the same amount usually etnployed 
with aulomalics, this burner will have far greater power to 
eodency to stick through deposit from the 
my adjustment, are 
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Advantages claimed for this automatic burner arc: In- 
Slefld of the valve-operating mechanism being outside of 
the gas pipe, it is contained within il, thereby obviating 
friction due to packing of valve stem or springs to hold 
Tftlve in its barrd; instead of using the IraJitional rotary 
conical gas cock requiring lo be lubricated and held firmly 
to its seat by pressure of a scren- or spring, an exlremdy 
-Sm*ll check valve is employed, which, in openingj is simply 
lifted from its seat one-sisieenth of an inch; the armature, 
bat one being emploj'cd, instead of making «n extended 
. ejicurninn, has for its maidnium movement the play of the 
■Viils*, Ui which it is rigidly connected by a valve s>^u, and 
\ .ibe arnmture motion is a double one, it being first attiw:ted 
Upwitrd to open the valve, and then rotal«d hewiwii " 
as to engage a recess in it with a staiiooaty hoc 
^OL•kitl^; il open To entinguish the '' '■ ' "'" 
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sary to energiie a second pair of helices, when the armature 
is raised, rotated free of the hook, and then dropped into 
its normal position, closing the valve. 

Chapter LVIIl. 
Connections of Gas Lighting: Systems. 

The gas is lighted by the electric spark, which is caused 
by breaking the circuit at the point where the gas issues 
from the tip. A self-induction coil is connected in the cir- 
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CDit to increase the size of the spatk. This self-induction 
or spark coil must not be confounded with the induction 
coil as described in Chapter XXXV and as used for gas 
ligfhting in public buildings, Chapter LV. 

While the induction coil consists of a primary and a 
secondary coil, the spark-coil consists simply of a cylindri- 
cbI bobbin having a central iron core surrounded by a coil 
of large wire, about number 14 B. & S. gauge. Coil, bat- 
toy and burner are connected in series. There is no con- 
dnaer or interrupter attached to the spark ocAL 
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Fig. 84 shows the method of connecting the battery, 
coil and automatic burner. Use number 18 B. & S. gauge 
heaviest rubber-covered wire for leads, and on the gas fix- 
tures number 22 B. & S. gauge triple-covered wire, of a 
color to correspond with the color of the fixtures. 

Having laid out the shortest and most accessible route 
for nuining the wires, run a wire from the zinc pole of the 
battery to one of the binding posts on the spark coil; 
from the other binding post on the coil run a wire to the 
nearest gas pipe in a cellar, closet, or under the floor. File 
the pipe clean, being careful to remove all corrosion; then 
uncover about three feet of the wire, wrap it firmly around 
the prepared place and sokler it fast; this gives a good ground 
connection. Be sure to use a gas or water sciii4:e ^v^o. as 
"earth," a water waste pipe, for instance, may not run in 
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the ground at all, and of course could not be used as 
"earth." A gas pipe disconnected from the meter is of no 
use either. The metaUic connection between gas pipes and 
meter are often ver>' poor, and it is advisable to bridge ovrt 
the meter with a piece of wire whose ends are soldered to 
the street main and house service pipe. 

Run another wire from the carbon pole of the battery to 
the center strip of the push button, Run a wire from the 
right hand spring to the lighting wire of the burner. Run 
another wire from the left-hand spring to the tuming*off 
wire of the burner, which will complete the circuit, and the 
gas will be alternately lighted or extinguished upon press- 
ing the light and dark buttons. 

It is clear, however, that if the battery wire running to 
the burner should get grounded on the gas pipe, the battezy 
would be short-circuited and run down in a very short time. 
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To detect such a fault the following plan has been devised: 
A soft iron armature is fastened to one end of the bobbin 
and connected to a bell and a local battery as shown in Fig. 
85. If a ground should occur on the fixture, the battery 
circuit would be closed ; armature A would be attracted by 
the soft iron core of the coil and close the local battery cir- 
cuit at contact point C. This would cause the bell to ring 
and attract general attention. 

As very often the same battery and coil are used for 
many lighting circuits it is advisable to have every circuit 
labeled and provided with a little switch. When the bell 
commences to ring, the faulty circuit can be easily detected 
by opening one switch after the other. The one opened 
last before the bell j-tops ringing is the faulty circuit. In 
this manner only this one circuit may be teft out while all 
the others can be used. 

It must be borne in mind that the alarm bell will ring 
eve/y time the gas is lighted or extinguished, consequently 
the bell should be placed where its sound A\-ill not be an- 
noying to those usmg the gas lighting system. 



ELECTRIC HEAT REGUl 
TION. 

Chapter LIX. 
I Electric Heat Regulators. 

We have shown in Chapler 1, how melallic iher. 

faeat regutalion follows at ontc as a natural de^alopnimt 
Im audi systems tliey serve as the actuating device to set 
other apparatus in motion, which in turn open; or dnseb > 
llaRlper of a fumacc, or a valve in a steam pipe, nr opens 
W KliKiea a ventiiaior. Various forms of power are utilimd 
in the apparatuses that do tlie actual work. ElccTricity 
may be employed through the mediuni of tta eieetric 
motor, though consiclerible battery power is required; im- 
pressed air is sometimes used, and even Water uader A head 
n be employed. Clot-kwork is also uiiliaed. The Iher- 
aslat, however, is the prime agency, since upon its action 
pends that of the power that acluftlly performs the work. 
he adjustable Ihermoatat consists of two sirijis of dissim- 
ilar metals, or other substances, which are riveted together, 
and which enpand uneniially under varying temperatures, 
as shown in CliaplCT 1„ 



Fig. S6 illustrates an jdjuitablc thcrmobt it. /' is Ihc 
■ .Strip composed of two dilferenC metals -t and S ATI ad- 
IjiiSling screws. It does not matter of tonrs« m wluH p> 
niiUttn the thermoslai is placed whether perpeodttuUrly ur 
Kborimmally, The figure ithows the thermostat lea hftii- 
1 Ronial |««ition, but in practice the nstmrae it lii mon: Tr*- 
^ncntly hung in a perp«ndifular posilion lilt* i hi* iinlinarf 

OlU^noslat is placed in a rn^i 
-— ibare is W he mj 
90 adjusltd I 
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tact with adjusting screw. A; if the tem- 
perature rises above the normal, a con- 
tact at B ivill be made. These contacts 
are used to close a circuit and operate 
either two different electro magnets or a 
little electric motor, or other devices. 
The armature of these magnets or motor 
is directly or indirectly connected wilh 
the damper device. As soon as the 
temperature is again at its normal the 
thermostat opens the electric circuit, and 
' g mechanism of the damping 
.topped or reversed. A Cher- 
is frequently attached to the 
thermostat. 

Fig. 87 sho\pi's a combined thermome- 
ter and thermostat, the latter part of the 

' It being indicated b)- the bind- 

.-s at the bottom for the cir- 



Fahrenheil 
thern 



; horizontally through the 

1 way of adjusting the Cher- 
follows; I'lace the combined 
and thermostat in the room, 
1 be kept, say. at 70 degree? 



t the 
-r shows 70 degrees, and Ct 



1 the 




both adjusting st 
thermostat, leaving on each side the space 
of the thickness of a piece of writing 
paper. As soon as the temperature falls 
below or rises .-ibove the normal, the Iher- 
strip will be iM'isled and make 
ivilh one adjusting screw. 'i'he 
a<l vantages of automatic electric heat 
regulation are many. Not only tan 
dwellings Liu kept at ;i uniform tempera- 
ture — a necessity from a sanitary point of 
ims — -but the 



forir 
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Fig. 8q is a diagi 
B and C being the 
(act at A will send the 



inections to such a device. A, 
le thermostat, T. Con- 
lertain dirt;ction through 




the motor, and revolve the armature so it will open the 
damper; contact at B will send ihe current in an opposite 
direction, revolve the armature, and hence the diunper the 
other way. 



UNNING ELECTRIC WIRES. 



Chapter LX. 
Proper Installation. 

^he most important part of any electrical apparatus 
:ed in houses is the proper running:, connecting and in- 
iting of the wires. 

^he apparatus itself may be perfect, and still innumerable 
ibles may be caused by the improper condition of the 
2S. If a call bell does not ring when the button is 
5sed, if a burglar alarm sounds a warning at the wrong 
e and fails to go off at the right time, in ninety-nine 
;s out of a hundred the attendant will find that these 
arises are caused by the wires which are either poorly in- 
ited or not properly put up. 

t is worth the money every time if one purchases elec- 
al apparatus to purchase the best and have it set up and 
in operation by the best skilled workmen, in the most 



FIG. 90. — TKLECJRAI'II SPLICE. 

•ough and scientific manner. These men are generally 
id in the employ of the large electrical companies, who 
:ourse, are responsible for their work. 
Q nearly all the departments of domestic application of 
tricity, described heretofore, number 18 or 16 Brown and 
rpe gauge wire is used. This wire is generally double 
md with cotton and paraffined. It is called annunciator 
;. This wire can be bought in almost any color to match 
color of walls or ceilings. It will answer in all dry 
;es; in damp or moist places, wire with a perfectly water- 
)f insulation should be used. Dampness on non-water- 
)f wires will cause leakage of electricity to earth, exhaust 
battery in a very short time, and destroy the wire. The 
ilation of the wire must therefore be perfect, and should 
lys be tested before an installation is considered 
ect. The method of testing is treated in Chapter 
VI. 

plices in wires if absolutely necessary should be made 
r the fashion of the telegraph splice, Fig. 90. 



is best, however, to solder the splices. Do not apply tape 
III nan wite splices; either solder splices and tapt, or cover 
well wilti paper and then tape. Tape will corrode and rusl 
bare splttes that it comes in contitcc with. When acid is 
used far soldering, the joint should be thoroughly cleaaed 
nith ao oily rag before taping it. 

Parallel wires should be kept at a distance of at leaBt one- 
half inch apart. They are ofteo fastened to the walls or 
ceilings with stnall staples. Never use one staple to fasten 
more than one wire. It lookfi better to '■Rsli the wires 
under the floors, above ceilings, anil between the lathing of 
the walls. Great eare should betaken to avoid the abrasion 
of the insulation to prevent leaks or crosses. It possible, 
keep the wires away from gas and water pipes, metal col- 
umns or girders, to avoid grounding. Extra insuIatioQ 
niust he put over wires where they touch metals. 



Chapter LXI. 
How to Fish Wires. 



Piinch a hole through the plastering at the retjaitcrf i 
L lion, being careful that there is no studding at ■■■'* - 
' Use H bradawl, and cut the hole large enough 
I push hiitCon plate. With a short length of small btass 
■ sprii^; wire, push through the opening ' ■ ' 



™ 



L bet tq double jack-chain, such as is used for general fishini 
\ purposes, lirsl having conneeted the end of the chain will 
[ 9 piece of heavy linen thread. Run out the thread between 



J. 



\ the latbsandtheout^de wall until the ehain touches the floor 
I beneath; move the thread and locale the chain by the sound. 
\ "Bore a hole through the base board ur floor, be the rase may 
I bn, toward the chain. Use a two or three-focpt German 
I twiMt gimlet. With a small brass spring wire, bent at the 
■ in the shape of a booh, fish for the chain and draw it 

At the other end of the thread attach the wire and 

I'fitraw U tbrnueh witli the thread, fossing under the flcior, 
llborea sconndlioie through the door as near the other mi 
* pusflblc. f<nn Into this a plei-e of snttke or fishing wire, 
D whidi is i-S X t-64 tneii steel wire, with a hook al the end. 
^ antil it uotnestoan ohstniciion. Locate the obftntction 
.1 1^ sound. 1a running wires under the tlooring, first cuv- 
, tullye»aininc all pail* and find the dlrecitor In wlsfclitiie 
IS ml iiiut>i-i, Tim, -iwS tun the wilen p«wll«lB^'^ — 
'. ■' ' I' ■ ■■ ! it thefinhinu w'" "" 
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the m'ddle diagonally through it in the direction' of the 
fishing wire. Drop the jack-chain and thread through the 
hole; fish for it and draw it through hole number 2, attach 
the insulated wire and draw it back Starting at hole num- 
ber 3, bore hole number 4 diagonally through the timber in 
the direction in which the wire is to be run, making holes 
numbers 3 and 4 form an inverted V through the timber. 
Run the fishing wire through hole number 4 until it meets 
an obstruction. If at the end of the room, bore through 
the floor, drop the chain, fish it out, attach wire, and draw 
it home. Putty up holes after having done with them; or 
in case of hard finish, plug them up with wood. In lightly 
built houses, it is often found easier to take off the mould- 
ing above the base-board and run the wire under it. In 
such cases care should be taken to break off the old nails, 
as any attempt to drive them out would cause a bad break. 
In closets and around chimneys it is usually found easy to 
work. A mouse or lead weight attached to a string may 
often be dropped from the attic to the cellar ceiling through 
the space outside the chimney. It is well before starting 
on a job to carefully examine the whole house, and find the 
easiest places to run in. When necessary to take up car- 
pets, be sure and put them down again ..s (juickly as possi- 
ble, in order to reduce to a minimum the inconvenience to 
residents. 

Chapter LXII. 
Wiring Fixtures for Gas Lighting. 

"Where it is impossible to run the wire between the gas- 
pipe and the outer shell, run it above, if the fixtures are 
overhead; below, if the fixtures are low down, and bind the 
wire close to the fixture with fine thread, being sure that the 
sharp corners will not cut through the insulation and event- 
ually cause a ground. Shellac the wire to the pipe, and 
when hard remove the thread. At the joints or hinges con- 
nect the nearest set points by means of a wire loop of suf- 
ficient size to in no way interfere with the action of the fix- 
ture, and wind the insulated wire around this loop in the 
form of a spiral. Great care should be taken that perfect 
insulation be obtained, and in all such parts the wire should 
be covered with rubber tape. In running wire between the 
gas pipe and the outside shell, the same care should be exer- 
cised to guard against grounding. To pass the rings and 
other sections where there is not sufficient space, bore 
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through with a small monkey drill, or punch a hole with 
the brad awl, or file off sufficient metal to allow an exit; if 
necessary, run the wire through and over the obstruction. 
Rubber tape must be used wherever the wire passes near 
the metal of the fixture or is liable to touch it. 

ClIAPTKR LXIII. 

Wiring Elevator Annunciators. 

Care must be taken to have the cable swinj^ freely so that 
the cab will not interfere with it. Some slack must be left 
too, so that when the elevator is clear to the top or bottom 
of the well the cable will not be pulled tight. The usual 
method is to suspend one end o( the cable midway between 
the top and bottom of the elevator well, and run the other 
end of the cable to the bottom of the cab, fastening each 
end securely, and then splicing the wires on to the conduct- 
ors of the cable. 

The battery is usually placed in the basement, and the 
wires run along one side of the well from the end of the cable 
to the battery and push buttons. 

Chapter LXIV. 
Best Time for Wiring. 

The best time to wire a house is when the builders have 
finished boarding-in and not yet begun lathing. The cost 
of wiring at that time is very much less, sometimes not 
more than one half as much as in the finished structure. 
In houses already occupied, the inconvenience caused by 
putting in the wires is slight. Little or no dirt need b»e 
made; there need be no hammering and pulling away plas- 
tering, laths and lloors. The most expensive finishing 
should in no way be injured by the workmen. When the 
job is completed, and well done, it will be difficult to discover 
evidence of the work having been done. 

Chapter LXV. 
Extra Insulation. 

Sometimes it is necessary to run wires for a distance out- 
doors. In such cases the wires should be fastened to porce- 
Jfdn, hard rubber or glass insulators. No smaller wire than 
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number 14 B, and S, gauge should be used outdoors. 
Smaller wires are too easily Droken. 

In conducting wires into houses, great care must be taken 
to prevent rain following them. The wire should be fastened 
to the insulator below the point where it is intended to be 




led through the wa!! or a window frame, so the rain would 
have to run up hill in order to follow the wire, Fig. 91. 

An extra heavy insulating material, such as rubber hose, 
or porcelain, or hard rubber tube, Fig. g2, must be put over 
the wires where they pass through walls or partitions, ox 
where they run near metal pipes or girders. 




In some cases it becomes necesfar)- to run circuits under 
ground. Perfectly waterproof cjlile?>, with a metal armor, 
should be used. If the earth is used as a conductor, great 
care should be taken in getting a good ground connection 
as described in Chapter I.\'I1I. 

When a very high c. m. f. is emploj-ed in circuits, as for 
Instance, in multiple electric gas lighting systems in public 
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buildings, the insulation shquld be the very best and heaviest, 
otherwise the electric current will puncture it and leap across 
from the wire to the nearest object. For running these 
wires on walls or ceilings, only porcelain or hard rubber in- 
sulators must be used. 




Wtii, EleWn, Chi 



FIG. 93. — HARD RUBBER PIN. 

Fig. 93 shows a hard rubber pin insulator. The 
base is screwed to the wall, the pin projecting about 
three inches. The wire is then fast.ned to the top of the 
pin. Very thin /xiiv wire, about number 26 B. and S. 
gauge may be used with these pins; this will make a neat 
looking job, as the wirs will be almost invisible. 



TESTING INSTRUMENTS. 



Chapter LXVI. 

Detector Galvanometer and the Magneto 
Bell. 

The detector galvanometer. Fig. g4. in connection with a 
galvanic cell, is used for testing the insulation of the wires 
and apparatus, and for locating other faults. The detector 
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galvanometer is a compaKS, mounted on a coil of wire. An 
electric current passing through this coil will deHect the nee- 
dle of thecompass, as has l>een explained inChapler XX III. 
Of course, a coil will cause a greater deflection of the needle 
than a single wire as the current is forced to pasts a number 
of times under the needle. 

In order to test for insulation with the galvanometer, con- 
nect the galvanometer and the galvanic cell in series. Fig. 
95, and connect one wire, starting from binding post .( toa 
ground — gas pipe or water pipe — and the oUier starting 
97 



(roraS to the wire to be tested for insiilaticra. It the ni 
deflects, tilt ivire is grounded: if il remains in its pos 
tlie insulation !•; in good conililiofi. ll is ivtU Id coi 




wires A and B for a minute before testing, and see whetl 
cell and galvaoometer are in gtiod condition. In connei 
ing the wires the insulation must be carefully removed a: 




pu;. ijb.—It^rmc. hiT. 
I ll' wire pttJotlif cleaned liy scraping with 
i-JibinE wjtli * pi«" of emerj' doth. CoDMStiooK 
1. jays In: made with dean metallic surfaces. la tin , 



M 



TESTING INSTRUMENTS. 

way £ break in the circuit can be found- Cut the circui 
several sections and connect the ends of each section t 
and B. When the needle deflects, there is no break in 
circuit; if it does not deflect, the circuit is open. 

Fig. 96 shows one form of portable galvanometer, ci 
bining galvanometer, battery and wire. 

Very often a magneto beil. Fig. 97. similar to that u 
as a call for telephones, is employed for testing. When 
bell rings the circuit is closed; if it does not ring the ciri 
is open. This is all it can tell, while the detector gaiva 
meter, if properly handled, can tell very much more. A 




teclor galvanometer can be carried in the pocket and rarely 
gets out of nrder, and a galvanic cell can always be found 
where circuits are to be tested. 

The galvanometer can also lie tised to lest the battery to 
ascertain whether it is in good order or not. If. for instance, 
one "ood cell will give a deflection on a certain gaivanome- 
terof say 10 degrees, this may be used as standard for 
testing other cells. 

The magneto bell shown is an nllerimlin^ current mag- 
neto and will very often mislead the one testing, as it is 
liable to give false rings by reason of the peculiar proper- 



ties of alttriuitini; currents. A diner current magi]el<l3 
now roanu fat lured and is to be pteferrad, as it OFeicoUH. 
the defect menlitined. The armaCiire of this magneloJI 
provided with a two-segment commutator. Instead of 
bell, a buzier may be attached, A galvanometer may a] 
be used in circuit with a dirtct current magneto. 



I 



Chapter LXVII. 
Tests for Faults. 



For the guidance of those who have to test i 
paiatus for faults, the fol^oning suggestions are offered: . 

1. Iitiulalion of H'ires. The taanner of makiog 1 
test has been oqilained in Chapter LXVI. If the est 
is used as a conductor or as it is generallj- termed, as Ihe^ 
lura. the wires connetting to earth, i. e gas o * " "" 
must be disconnected before this test is made. 

In fact, in a new installation this test should be made fi 
fore the earth connections are made. 

2. Brents in tht circuit. See Chapter LXVI, 

3. Ths eall hd! dih-s fief rin^. First ascertain, if there 
iire iDoretban one push button, whether the bell answers to 
all but one push bu'ton, or to none In the first case the 
circuit leading to that one parti[;ular push button is broken 
and must be testeiJ. It the bell answers to none of (he 
push buttons, the source of the trouble may be in one of 
several places. 

a. Tlu fiult may he in tlu Airt/ij-.— Disconnect the 
wires leading to the bell and push btiltons from the battery 
and test with the galvanometer. If no deflection or a 
very small deflection is obtained, the battery is exhausted. 
As this may be caused by the breakdown of one single cdl, 
M hen the cells are connected in series, disconnect the cells 
-ii:d test each separately. IE a fault '\% found, t 

. Tlu favlt may bf in the Ml.—\{ the baiterTla 
11 v^ood order take down lliu bell and attach It ali'i« 
I' likttery. Hit does not ring, a connevlion insida ina|^ 
■'^ar broken, or the adjusting screw of the vibti ' 
' :l may be turned baclt, not making; contscc witbrj 
i''ing, or the tniilafi points on the spring or 
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remedy the fault, the wire on the magnet may have c<nnt 
in contact with the iron frame or may be short-circuited 
by moisture. Test each part separately by means of gal- 
vanic cell and battery. 

c. The fault may be in one of the wires leading from tht 
battery upward. — If both battery and bell are found in order, 
and after connecting the battery and putting the bell back 
in its place, the bell will not ring, one of the wires leading 
from the battery to the bell is broken. This break must 
then be located as described. 

4. The batteiy always gets exhausted in a short time. — 
This is generally caused by poor insulation of the wires, 
causing leakage. The circuits should be tested for 
grounds. 

Sometimes the bell will ring for half an hour or so with- 
out pushing a button and then stop. Pressure on a button 
will then not cause the bell to ring. This is caused by a 
short circuit between the outgoing and return wire. Such a 
short circuit, of course, will exhaust the strength of an open 
circuit battery in a very short time. This fault may not only 
be found in the wires, but in the push button itself. 

The ebony push may stick and cause the two springs to 
remain in contact, or the push button may not be fastened 
well and the screws holding the push to the wall may short- 
circuit the wires, or in pushes with metal covers the latter 
may touch both springs. A good push properly put up can- 
not cause any of these troubles. If the earth is used as re- 
turn, grounding of one outgoing wire will of course cause a 
short circuit of the battery. It is therefore advisable to 
reduce the number of these chances for trouble by always 
using one insulated wire as a return instead of the 
earth. 

5. The bell does not ring as loudly as usual. This is 
caused, of course, by the weakening of the current which 
may be caused in various ways as explained. A bell should 
not have too much battery as this will cause too much 
sparking on the platinum contacts, and burn them very 
rapidly. 

Disturbances in annunciators, burglar alarms, gas lighting 
apparatuses, etc., can of course be traced in a similar way 
to that described in this chapter for call bells. 

If one buys reliable apparatus and has it put up in first- 
class manner by a reliable firm, he will not find any grounds 
for complaints, and w^l save the money he would otlMCwiiB 
spend on repairs 
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Chapter LXVIII. 
Bell Hangers' Tools. 

A bell hanger's outfit should include the following: 

Insulating tape for insulating wire joints and covering 
wire in places where tacks are driven to hold wires. 

Tags for numbering wires at the batter}' and switch- 
board. 

Double-pointed tacks. Their use should be avoided how- 
ever, if possible. 

Brass spring wire — Eight inches for fishing. 

Steel spring wire — Fifty feet for fishing. 

No. 19 double jack-chain — Ten inches for fishing, 

Brad awls for punching holes through walls. 

Bell hangers' twist point gimlets — Three feet long, for 
% inch and 5-16 inch holes. 

Drill for drilling through metals. 

Rat tail file for filing holes through fixtures. 

Wire — A general assortment. 

Hammer of medium size. 

Screwdriver of medium size. 

Handsaw of medium size. 

Keyhole saw. 

Ratchet brace. 

Flat chisel for taking up floors — sometimes called a 
"persuader." 

Combination handle, with a set of small tools. 

1 Jetector galvanometer, or 

Direct current magneto. 

Chapter LXIX. 
Wire Tables. 

There arc four generally recognized systems of measure- 
ment of wire in the United States. These are: Brown & 
Sharpe's American wire gauge, the Stubs or Birmingham 
wire gauge, the Old English wire gauge, and the New 
English standard gauge. 

The Brown cV Sharpe wire gauge has been largely adopted 
by American wire drawers and its use is so general that this 
has been the gauge referred to in this book. Page 103 
gives useful data of both bare and covered wire. 
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Rbsistancb and Weight Table. 
The resistances are calculated for pure copper wire. 
Good American wire averages about 97 |<«r cent, of the 
conductivity of pure copper. 
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Chapter LXX. 
Specifications for Wiring a Hotel. 

Following is a set of specifications calling for the com- 
plete equipment of a large hotel with an electric annuncia- 
tor and return call system, elevator annunciators, gas light- 
ing apparatus and burglar alarm. Architects, builders, 
contractors for wiring, and house owners, can advan- 
tageously study them as they are designed to call for the 
best materials and construction, and thus serve as a protec- 
tion against the use of inferior material, and the employ- 
ment of poor workmanship. 

Office of Buildquick & Co., 

Architects, 
Chicago, Dec. lo, 1888. 

Messrs. Bell, Hanger & Co., 

Chicago. 

Specifications 
for furnishing and fitting up at the Grand Hotel in Elcctro- 
ville. the following named apparatus: 

I St. The electric annunciator and return call system for 
680 guests' rooms, 4 entrance doors, 3 parlors and i ladies* 
ordinary. 

2d. Klectric bells and annunciators for 4 elevators. 

3d. Electric gas lighting apparatus for office, dining 
room, outside newel posts, 3 parlors and 5 private offices. 

4th. Burglar alarm foi the 4 stores on Harrison street. 



1st. The annunciator must be of sufficient size to make 
connections with the 088 rooms, etc., as specified above, 
and lo have 112 extra drops for room calls, which may be 
added in the course of lime. The return call system to 
ring from the office in all of the guests* rooms throughout 
the hotel The wood cases for the annunciators to be made 
of antique oak wooil, from designs'furnished by us. All wire, 
put in the wooii moulding (which we are to put in the hall) 
to be double covered number iS annunciator wire; all wire 
fished behind the plaster or put imderneeifh the lathing or 
floors, or ibove .filings, io be .lUmber 16 kerite braided 
wire. 

2d. The annunciators to be of suificient capacity for 7 
lloors. In regard to wood cases and wiring, see specifica- 
tions, sub. I. 
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3d, We require electric gas lighting apparatus as follows: 

Office — Total 210 lights in 5 circuits, as shown in plans 
for multiple lighting. 

Dining room — Total 260 lights in 7 circuits, as shown in 
plans for multiple lighting. 

Four outside newel posts — Total 40 lights, in two cir. 
cuits, as per plans for multiple lighting. 

Three parlors — Total 180 lights in 6 circuits, as per plans 
for multiple lighting. 

Five private offices with one ratchet burner each, as 
shown in plans. 

All concealed wires to be number 16 heaviest insulated 
kerite, braided ; open wire for multiple lighting, to be bare 
and put up on suitable insulators, clearing walls, and ob- 
structions, at least two inches. 

4th. Burglar Alarm. — Connect all windows and doors 
of the four stores on Harrison street, 17 openings in all, 
with the annunciator, to be placed in the hotel office. 

The burglar alarm to have all attachments and latest 
improvements, such as continuous ringer, silent test, bat- 
tery test, etc. In regard to wood cases and wiring, see 
specifications, sub. i. 

The bidder will inclose with bid illustrated descriptions 
of all the apparatus he proposes to furnish, including bat- 
teries. He must also state how much battery is required 
for each apparatus. Prices must be given separately for 
each of the 4 specified systems; also price for renewal of 
one cell. 

We reserve the right to reject any or all bids, or to accept 
any bid that, in our judgment, is the most advantageous, 
whether highest or lowest. 

Proposals not complying with the tenor of these specifi- 
cations will not be considered. 

Sealed proposals will be received by the undersigned 
until 12 o'clock, noon, January 2, 1889. 

[Signed] Buildquick & Co., 

Architects. 
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PRICE,, ONE DOLLflR. 

Type page 5^x3 inches. Flexible cloth binding; 72 
pages; 42 cuts and 5 tables, three of which are I2xi8 
inches These tables give AT ONCE, and without any 
calculation, the size of wire required in each case for any 
percentage of loss. A timely book, containing full instruc- 
tions for Incandescent Wiring and complete information 
concerning methods of running wires, location of safety 
devices, and switches, splices, insulation and testing for 
faults, wire gauges, general electrical data, calculating sizes 
of wires, wiring of fixtures, elevators, buildings, isolated 
and central station plants. 

The only complete book of the kind published. 

Sent postage free on receipt of price. 

ELECTRICIAN PUBLISHING CO., 510 Marquette BIdg.. Chicago. 

"derivation of practical 
electrical units. 



By Lfeit. F. B. Badt axi> Pkof. II. S. CabhaUT. 



PRICE, POSTACiE PREPAID, 75 CENTS. 



This is a very handsome book of 60 pages, printed on 
fine, heavy paper, with neat cloth binding. It contains 
pORTKAiis and niOGKAriiiF.s of Ohm, Watt, Faraday, 
Joule, Gauss. Weber, Sir William Siemens, Dr. Wemer von 
Siemens, Volta, Ampere, Daniell, von Jacobi, together 
with a carefully prepared table of the Practical Electrical 
Units, with their relative values. In no other single 
volume can this rare collection of portraits be found. 

ELECTRICIAN PUBLISHING COMPANY, 

510 Marquette Building, CHICAGO, ILL. 



Dpdo. Tonilsni' Huil-Boift. 



BY F. B. BADT. 



First Edition novr ready, contain- 
- ing much, additional infor- 
mation, and many 
Valxiable Tabled. 



2S0 Pagta, 160 Wuatratlona. P/exlbia Cloth BMing, 8tn 
of Type Paget 0m8 Inehee, 



This is as the name indicates^ a New Book. 
much more complete than the old one. with all the 
information, instructions and rules which are re- ' 
quired by practical men. as Dynamo Tenders, Line 
Men, Stationary Engineers, and owners and oper- ' 
ators of all kinds of Electric Plants. 'It is the only 
book of the kind published in the English language. ; 



DDI/^C Post-paid to any addresa-in the <^ 1 f\f\ 
ri\\\jlL0p , United Sutes or Canada* ^ | .UU 



Electrician Tiil)li8liiD][ Coipaiiy, 

SIOMdrqueUe Building,' • CHICAGO, ILL. 



The Electric Bells which we make are the 

BEST in THE MARKET. 

We are able to sell them at a Low PiucE because 
WE MANUFACTURE THEM 

In large quantities, and because our focilitios for tbdi 

manufacture arc the best in the world. Ev. ry 

reader of this book should have a copy of 



OTJ3E2/ OjftuTjA.X40C3-XJ 

OP 

ELECTRIC BELLS, 

ANNUNCIATORS, PUSH BUTTONS, 

Gas hiGHriN© AppARATas, 

BATTERIES, INSULATEf) WIRES, ETC. 

OUR WOOD BOX BELL, 
OUR IRON BOX BELL, 

OUR SKELETON BELL 

Are the best, and we supply the trade either from 
Chicago or from New York. 

WSSTSM SLSCTRIC COMFMT* 



The Western Electric Needle Annnnciator 

Is Universally Acknowledged to be the best made. 

IT IS NOT THE LOWEST IN PRICE, 

Although, considering the Superior Quality, 

IT IS THE CHEAPEST 

To buy and to use. 

WE HflVE I LOW-PRICED flNNUNCIflTOR 

Which we can offer to anybody who wants it, but we recom- 
mend and guarantee our celebrated 

llEEDLE ApU]l(lIJlTOI( 



—FOR— 



HOTBL, HOUSE CALL OR BURGLAR ALARM USE. 

The Guest Call and Fire -Alarm Apparatus which we man- 
ufacture and furnish in connection wiih our Hotel 
Annunciator, is the only one which 

ALWAYS GIVES SATISFACTION 

WESTERN ELEGTKIC G0HPAN7, 

Ohloag^o- New York. London. Antworpi 



